REMARKS 



The claims are 1 to 1 1 . 

Undersigned acknowledges with appreciation the indication that claims 2 to 10 would be 
allowable if rewritten in independent form. However, for reasons set forth below, it is 
considered that all of the claims in this application are now in condition for allowance. 

With regard to the rejection of claun 1 under 35 U.S.C. 1 12, the point of attachment for 
substituent is now specified in accordance with the disclosure on page 8, lines 13 to 27, 
among other locations in the specification. 

With regard to the rejection of claim 11 on the groimd of lack of enablement, claim 1 1 
now specifies specific diseases m which other compounds which have p38MAP kinase-inhibiting 
activity effective against, e.g., rheumatoid arthritis and IBD. 

In support of this fact, please see 1) J. Pharmacol. Exp. Ther., 279, 1453-1461 (1996); 2) 
J. Pharmacol. Exp. Ther., 284, 687-692 (1998); 3)N. Engl. J. Med., 337, 1029-1035 (1997); 4) 
Gut., 40, 628-633 (1997) published before the priority date of the present application. 

For the foregoing reasons, it is now apparent that ail of the claims in this application are 
in condition for allowance. 

No fiirther issues remaining, allowance of this application is respectfiilly requested. 

If the Examiner has any comments or proposals for expediting prosecution, please contact 
undersigned at the telephone number below. 
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ABSTRACT 

SB 203580 (4'.(4-fluorophenyt)-2-(4-methylsuJfinylph©ny!)-5-(4- 
pyrWyl)imida2ole], a selective cytokine suppressive binding 
'proteiiVp38 kinase inhibitor, was evaluated in several models of 
cytokine inhibition and inflammatory disease. It was demon- 
strated clearly to be a potent inhibitor of inflammatory cytokine 
production in yivo tn both mice and rats with ICgo values of 15 
to 25 mg/kg. SB 203580 possessed therapeutic activity in 
coitagen-induced arthritis in DBA/LACJ mice with a dose of 50 
mg/kg resulting in significant inhibition of paw inflammation and 
serum amyloid protein leveb. Antlarthiltic activity was also 
observed in adjuvant-Induced arthritis In the Lewis rat when SB 
203560 was administered p.o. at 30 and 60 mg/kg. Evidence 
for disease-modifying activity in this model was indicated by an 
improvement in bone mineral density and by histological eval- 



uation. Additional evidence for beneficial effects on bone r^ 
sorption was provided In the fetal rat long bone assay In which 
SB 203680 inhibited *^Ca release with an IC^ of 0.6 ^M. In 
keeping with the Inhitwtory effects on lipopolysaccharide-Ir>- 
duced tumor necrosis factor- a In mice, SB 203580 was found 
to reduce mortality in a murine model of endotoxln-lnduced 
shock. In immune function studies in mice treated with SB 
203580 (60 mg/kg/day for 2 weeks), there was some suppres- 
sion of an antibody response to ovalbumin, whereas cellular 
Immune functions measured ex vivo were ur^ffected. This 
novel profile of activity strongly suggests that cytokine inhibi- 
tors could provide significant benefit in the therapy of chronic 
inflammatory disease. 



Cytokines euch as IL-1 and TNF-a play a predominant role 
during inilaminatcry responses and autoimmune disease 
(Dinarello, 1991). Evidence for their key participation in 
acute and chronic inflaxnmatioxi ha^ been provided by the 
demonstration that protein antagonista such as IL-lra and 
monoclonal antibodies to TNP-a, and its soluble receptor, can 
interfere with various acute and chronic inflammatory re- 
sponses. Another approach to thejconfrol of proinflammatory 
cytoldnes is to inhibit their production, ideally through the 
use of p.o. acti-^e low molecular weight compounds. One daes 
of compounds that is effective in this respect is the pyridinyl 
imidazoles which have been shown to itihibit cytokine pro* 
duction in vitro, and in uivo they can attenuate the inflam- 
matory components of disease in tha absence of generalited 
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immunosuppression (Griswold et a/., 1988; Lee et al., 1993; 
Rcddy et oi.. 1994). 

SB 203580 [4-<4-fluorophenyl)-2-(4-methylfiulfiaylphenyl). 
5-(4-pyridyl)imidazole] (fig, 1) is a member of a new' series of 
pyxidinyl imidazole compounds which inhibit IL-l and 
TNF-a production from tiPS^stimulatfed human mottocr^rtes 
and the human monocyte cell line THP-1 with IC^ values of 
50 to 100 nM (Lee et al., 1994a,b; Gallagher et al,, 1995). The 
term CSAID^ has been coined fox these compounds and they 
have shown activity in a niunber of animal models of acute 
and chronic inflammation (Lee et a/.> 1993). Hm molecular 
taiget of SB 203580 and related compoxmda hae been iden- 
tified as a pair of closely related mitogen-adivated protein 
kinase hoxaologe, alternatively termed CSBP (Lee et aL, 
1994b), p38 (Han et al., 1994} or RK (Bouse tt al.. 1994). The 
binding of the CSAID™ compounds U> the target CSBP in 



ABBREVlATlbNS: IL, inicfteukin; 7NF, tumor noonisis factor; LPS lipopolyaaccharide; CSBP. cytokine supp»«asivo binding protein: CO, 
cycloQ^cygenase; PaP, rapamycin: RPMI, Roswell Park Memorial Insfttula; Con A, ooncarwvralln A: OVA, ovalbumin; CPA. complete Freund'a 
adjuvant; SAP, serum amyloid protein; AA, adjutant arthritis; BMD, bone mlneraJ density; BMC. bona mineral content: OXA, dual X-ray 
absorptlomeTTy; FTH, parathyroid hbrmonie; gal, galactosamine; LO. S-lipoxygenasow 
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fig. 1. Siructure of SB 203580. 

THP.l cytoBol correlates witb their cytokme biosynthesis 
inbibitloa (Lee et al., 1994b), indicating a role for CSBP in 
the production of cytokines in response to vanoos stimuli 
(Lee and Young, 1996). 

Compounds structurally related to SB 203580 have been 
tested previously in a number of animal models for their 
anti^inflammatory activity, including coUagen-inducQd ar- 
thritis (Grbwold et al., 1988) and endotoxin shock (Badger et 
aly 1989; Olivera et al 1992). These models arc relatively 
insensitive to CO inhioitors, which adds credex^ce to the 
cytokme suppressive nature of the CSAID^ moleculga. In 
this manuscript, we show that cytokine inhibition with SB 
203560 has benefidal effecia in animal models of disease 
with only minor effects on immune function. 

Materials and Methods 

Aaimala. PBM IACJ» BALB/c oad CSlBVe tnnle mice were 
obtained from Jackson Laboratories (Bar Harbor^ ME). Mole Lewis 
rats were obtained from Charles River Laboratoziea (Ralei^. MfC.) 
Within any given experiment, only animals of the tome age were 
used. All experimiinta] procedures were in accordance with Kational 
InBtatutoB of Heeltb Adelines aT>d ware teviewcd by the SmSthKUne 
Beecham Animal Care and Use Committee (S^ng of >>riissia, PA). 

Materials. SB 203680 [4-(4<fluoropkenyl)-2-(4-metbylanlfiny)- 
pbe;»3d>-5-(4-pyndyl)imidazole) was synthesiicd et SmithKliDe 
Beecham Pburmaocuticals (fig. 1). For in vitM* assays, SB 203&d0 wqb 
admimscercd p.o. in 0.03 N HCl-0.6% trogacainth (Sigma Chemical 
Co., St. Louis, MO) at the dosea indicated. BaP was preporei] by 
fctmentation at SmithKline Beecham Phannaeeaticals (Broclcbam 
Park. UK). BPMI 1640 wae obtained from Flow Leboratories (Bock- 
viUe. MD and eontamad 10% fetal bovine aeniin» 100 Vftnl of peni- 
dUin» 100 iigfml of streptomycin and 2 mM L-elatomine (OIBCO, 
Grand Island, NY). This biodium will be known as BFMX-10. Con A 
was obtained from Pharmacia Fine Chemicob (Piscataway, NJ). 
Endotoxin (LPS) was cither Es^h^ruihia coli, type. W or SalmoTiella 
lyphoea (Difco Laboratories, Detroit Ml) and OVA was from S]gmDi 

LPS-indueed TNF production in mice and rats. BALB/c male 
mice in groups of three to five were tn^iatcd with vehicle or compound 
by p.o. gavage and 30 min later the animals were iiuected i.p. with 25 
^g^mouse of endotoxin (£. eoli^ type W, Difeo). Two hours later, the 
animals were euthaniaed by carbon dioxide asphyxiation and plasma 
was obtained from individual animals by oollectlng blood into hepa- 
kinixed tubes. The samples were clarified by eentrifugatfoa at 
12^00 X for 5 mIn at 4*C. Tht supematants were decanted to new 
tubes (may ba stored at — 20'C) axtd were susayed Tor mouse T^7F~a 
by BUSA (OHverae< a^, 1992). The range of sensitivity of the ELISA 
16 25 to 800 pg^ml of mouse TKF-a. For the induction of TNF-a in 
Lewis ral8„ the BnimaK were treated with SB 203S80 30 min befoz^ 
the irv{ection of LPS (30 M^g TNF-« levels were measured 90 
min later by EUSA. 

CoUageii-induced arthritis, type 11 collagen arthritis was in- 
duced in mala DBA/1 LAC J mice (30-36 g, Jackson Laboratories) by 
the method of Wooky (1988). The mice were primed wit^ an emul- 
Bioii consisting of CPA (Difoo Laboratories) eombined with an equal 
volume of a freshly prepared solution of 2.0 mg of coUageo type 11 
(bovine nasal septum, Blaatia n«dueu Co., Inc., Owensville, MO) 



per ml of 0.01 N aectie odd. Extra Mytoh<itt^riu^ butyrlcum (J>ifco) 
was added to the CFA to ma>:e the concentration twice that preeent 
in the comrDerdal preparation. The CFA/coUagen emulsion was pre- 
pared by mixing through two connected 20-ml ayringfts. An intrsd- 
enmal iiqedaon of 0»1 ml of emulsion per mouoe was administered nt 
the base of the taiL Tweatyonc days later, the mice were boosted by 
an i.p. izdection of 0.1 ml of freshly prepared 1.0 m^ of bovine 
collagen EE/ml of 0.01 N acetic add per mouse. Joint awelline pre* 
sented within a few days and the mice were evaluated for inddence 
and severity of inflammation, assifined randomly to study gnups, 
ear tagged and the individual tttouselB dosing regimen was begun. 
Severity of joint s welting was detarmmed subjectively for each limb 
by using a scale of 1 (one or more phlongos per limb) to 4 (msximmn 
swelling per limb). A Bovority ecore of at least 2 on one limb (exclud- 
ing phlanges) was required for an animal to be assigned to a study 
group. Before dosing, each mouse was bled by the tail vein for a 
serum sample (1OO-160 /il of blood). Disease severity was asBesscd 
on days 7 and 10 afUr which blood was collected (tail vein on day 7 
and by euanguination on day 10) for scrum. The serum samples 
were assayed for mouse SAP by using a radio immunologically quon- 
titated Western blot method ((Sriswold tt cl., LD&8). 

Statistical analysis. Clinical severity and levels of SAP and 
TUF-^M were analysed by usfng the Studeaf e t test, with P values lees 
than .05 considered si^uficOnL 

AA. AA was mduced by a ain^e izucction of 0.75 m{j of Af. butyri' 
cum (Difco) suspended in para6Ha oil into tka baae of the tail of male 
Lewis rata, 6 to 8 weeks old (160-180 g). Hhidpaw volumes were 
maasuxed by a water displacement method on day 16 and/or day 22. 
Test compounds were homogenized in addificd 0.5% tragacanth 
(Sigma) and were administered p.o. in a volume of 10 ml^g. Control 
animals were adminintered vehide (traeacanth) alone. 

Percenter of inhibition of hindpaw lesions was calcuistcd as 
follows: 

For ststiiitical analysis^ puw voIuidm of rats treated with SB 203580 
were. compared to the untreated controls by Student's / test. 

HMD, as well as BMC and bone area werv determined for the 
distal tibia by DXA by using the Hologie QpB-1000 equipped with 
high resolution scanning softwara as we have described previously 
(Bradbecr er al„ 1996). 

Tibio-taival. joints from representative animals from the foJlowing 
thnsc groups of rats were examined histologically; normal rats, AA 
control rats and AA rata treated with SB 203580 nt 60 mg^g/day. 
Bats were sacrificBd by CO, administration and the rear legs wbtb 
fixed in forznalbx, decaldfied in formic add and the feet removed 
from the legs at the distal tibial diaphysis. After routine pn>cessing. 
the feet were embedded and ooronal sections were cut in the plane 
midway thit>ugh the tibiotazBal and tOiBotarsal Joints. Sections were . 
stained with Safranin O and counterstained with fast green. 

Bioasaay for Serum samples were obtainad whon the rats 
were euthanized. IL-6 levels were determined by using the previ- 
ously described B9 bloaasay (Aarden cr al, 1986). Briefly, B9 cells 
(5 X 10* ieeUa^ireB in Se^well flat-bottomed plates) were coltnred at 
S7*C with serial dilutions of rat serum in a final volume of lOO |J of 
BFMMO. After 68 hr, 0.5 fiCi of [*H}thymidinc was added and was 
incubated fbr 6 hr at 37X. (^lls wbtb harvested and radioactivity 
incorporation was determined. JLS was quontilied from a standard 
curve inchidin? known amounts of rat IL-€ (0.1-100 pg7ml). B9 
proliferation was unallected by any aganta used in this study. 

Fetal rat lon^g bone resorption assay. This assay was per^ 
formed essentially as described previously (Rai82, 1965; Stem and 
BoiSk, 1979)* Timed-pregnant SjiFague Dawley rats (Taoonie Farms, 
(jennantown. KY) were duectcd s.c. with 200 |iCi of ^Cad^ on day 
18 of gestation, housed oversight, then aneathetized With Izmovar* 
Vet (Pittman-Moore, Mundelein, IL) and saoificed by cervical dislo- 
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FI9. 2, Inhibition ot plasma TNF Jev^b in BALJB/c mice. SB 203560 was 
administered 30 rhin before LPS challonga and TNF was measured by 
EUSA 2 hr bier. Data are presented as percentage of inhibition by 
using three to five animals per group. SigniTicant inhibition was ob- 
served at 50. 25 and 12^ mg/kg (P < ,001) with an 10$^ of 15 mgAkg. 

cation. FetufiGB were rempved aseptically and radii and ulnoe were 
dissected free of mazroundizxg soft tissue and cartilacinoue ends. Tht 
bone» were cultured 18 to 24 Sr In BGJ(^ medium (Sigma) contaijuDg 
1 mg/ml of bo vine serum albunUxx, then were tranaferred to freah 
medium and cultured for an additional 48 iir in tha absence or 
preuence of 60 n^^ml of .PTH (human. 1-^) and t^at compound. 
Calcium nilaaded into tiie medium and total nsfiidual calcium in the 
bones were meaiBaied by liquid acintUlation speetrametiy. Data are 
expressed as the pereentace of caldurn released from tteated bones 
as compared to cotrespondinif control bones. Statistical dilTercttcos 
were asaesised by using a one-way analysis of variance for noxipaircd 
samples. Data are presented as mean ± S.E. 

Endotoxin shoc)^. Pathogen-free male C57BL/Q mice were ob- 
tained from Jackson tohoratorics. Age-matched mice, 6 to 12 weeks 
old, were uaed. Tbia model of shoek was performed aa described 
previously (Badger aL, 1989; Olivera ft al,^ 1992). Briefly, 0.1 /Ag of 
LPS from Salmorulla typhosa (Difco) inixed with Z>-<+)-gal (Sigma: 
500 m^g) was ipjeuted jLv, in 0.25 ml of pyrogcnrixee saline (this 
mixture is referred to as LPSA>-ea]). Compounds to be tested were 
admimstercd p.o. SO min b<>fon the i.v. injection of LPS^O-gal. Blood 
was collceted uia cardiac puncture 1 hr after LPS/i>>ga] and scrum 
samples were stored at -20"C until evaluation for WF-* by ELISA. 
Suirvival was monitored, in beparate groups of animals, for 48 hr 
after LPS challenge, at whieh time no further death'} occurred in 
either treated or untreated contjol mice. 

Immune function ass^s. Female BALB/c mice were imutnu- 
niaed with 100 ^ of QVa in 50 of CFA in both hind Iboi^ds (OVA 
wan prepared at 4 m^/ml and diluted 1:1 in CFA). Mice were then 



treated for 5 days a week for 2 wieeka with 60 mefl^e of SB 203560 or 
50 mg/Jcg of RAP administered i.pt in a vehicle cbmpoeed of 10% 
ethanol, 10% eremophor and saline. At the termination of the 
experiment (day 12), spleen and lymph nodes were harvested and 
cell suspendona were prepared by standard proceduxes. lE^or the 
response to OVA and Con A. lymph node cells (6 X 10^) were estab- 
lished in 96-weI] round bottomed platea in the preacnce or absence of 
serially dilated Con A or OVA for 72 hr. For the mixed lymphocyte 
reaction, cells &om treated BALB/e mice (1 X 10^) were established 
in 9&-weU flat bottomed plates along with C57]3Xi/6>irradiated (3000 
R) stimulator cells (1 x 10^). Cell eultunsa were incubated at S7''C/6% 
COj, with 0.5 ^Ci of [^Hjthymidine added for the Uet 18 hr of culture. 
Cell-associated radioactivity was measured after collcetion onto 
gUaa-fiber filters by scintillation eountSng. For QVA^pecific anti- 
body reupoDse, sera fcom immunized mice were tested for activity by 
BUSA which has been doscHbed in detail previpuaJy (Reddy tt al., 
1994). 

Results 

lohlbitioa of TNF-ck and collageu*-xnduced arthritis 
in mice. Demonstration of the ability of SB 203580 [4-(4- 
fluorophenyl)-2-(4-mcthyl8iiU3cnylphenyl)-5-(4--pyridyl)iinida- 
zola] to inhibit inflammntory cytokine production in vivo was 
accomplished by using BALB/c mice challenged with LPS (25 
>£^ i.p.). As seen in figure 2, SB 203580 given p.o. 30 min 
before LPS challenge inhibited the production of IW-ot 
(EPco, 15 me/kg P.O.). 

Given the potent ability of SB 2035SO to inhibit TNF-a 
production in vivo, it was of interest to evaluate the effect of 
the compound on a chronic inflammatory model. Collagen- 
induced arthritie was induced in DBA/1 LACJ mice by injec- 
tion of bovine Type 11 collagen in CFA at the ba«o of the tail, 
followed 21 days later by a booster injection of collagen sol- 
ubilized in acetic acid (i.p.). Animals with significant disease 
were treated with SB 208580 (50 mg/kg p.o., b.i.d.). At the 
end of 7 days, the di&eaae deverity was judged on a scale of 0 
to 4^^ and blood was obtained for analsrsis of serum amyloid P 
component. As seen in table 1, in two SGpamte studies, SB 
203580 significantly reduced disease severity (72%, P < .01 
and 45%, P < .05, respectively) as well a9 acute phase re&c- 
tant (SAP) levels (42%. P < .06 and 52%, F < .001, respec- 
tively). 

Inhibition of TNF-a and AA in rats. TNF>oc vras also 
inhibited in SB 203580'treated Lewis rats. This was shown 
by treating normal rats with SB 203&8Q p.o. SO tnSn before a 
challenge with 30 mgOcg of LPS i.p. Plasma TNF-a levels 
measured 90 min later were inhibited by 53% at 25 mg/kg 
(P < .01) and by 38% at 12.5 mg/kg (P < .01) with no 
inhibition observed at 6.2 mg/kg (table 2). 

In the rat model of AA, p.o. administration of SB 203580 



TABLE 1 

ETfoci of SB 203SBD on type II collagen-induced Arthritis In DBA/I mice 

Ihis table summariZBs two studies In which the mioo wore dosed for 7 days at 50 mg/kg ip.o^ b J.d.). after thu anlmats had prosontod wf th paw or joht edemB/sweOing. 
The data are the mean ± from a group of vehicle (0.03 H HCIA>JM Tragacsml^ and SB ZOaSdO-treatad cormofs. In Experimem I), the mice were entered Into the 
fltudy as fully complomoafod groups. Data are algnfficantly diffensni (mm the control: ' P < .05; " P < .01: " P < .ool. 
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TABLE 2 

Inhibition of LPS-tftimulaied TNP-a levels in SB 203SB0 Lewis 
rats 

Rats were doeed (p.o.) 30 mln htxtom treatment whh LPS {30 itQ/kg/Lp.). Ptasma 
TNF vna measured 00 mln after LP$ adodnkwlon. Dote an moan ± S.E. for 
i per group. * P < " P < .01. 



Treatment 



TNF-« 



Control (untreated) 
SB 2035BQ 

25 rng/kg 

12.5 mg/kg 

6.25 mg/Kg 



d2.i5 £ 5.05 

19.91 ± 2.77 
26.20 4.56 
36.78 3.56 



53" 
38- 

13 N.S. 



(10, 30 and 60 mg/kg p.o.) from d»y 0 to day 22 inhibited the 
development pf immune-mediated hindpaw inflammation. 
On day 16, there was 86% inhibition at 60 mg/kg (P < .001) 
and 62% inhibition at 30 mg/kg (P < .01), with no effect 
observed at 10 mg/kg (fik* 3A). By day 22, the anti-iniUm- 
matoty effect had lessened somewhat with 60% (F < .001) 
and (P < .01) inhibition at 60 and 30 mg/kg^ redpecfcivcly 
(ng. SB). 

The anti-iaflammatoiy and antiarthritie activities of SB 





Rg. 3b DosB-dependeint suppression of hindpaw Inflammation In rats 
with AA by pmphylactie administration of SB 203580 from days 0 to 22 
(5 d£iys a week). Paw inflammation was measured on day 1 6 ^ and en 
day 22 (B). Data are the mean and S.E.M. of 10 animals per gmup. 
*'P < .01; ""P < .001, compared to the uniroaied AA controls. 



203580 were evaluated fuxthfir by examining the BMC and 
BMD of the distal tibia region in treated AA rats. On day 22 
when the rats were euihanized> hindlimbs were examined by 
DXA. When eompsxed with the AA eontrols, there w^s a 
significant normalization of BMD (31%, P < .01) and BMC 
(26%, P < .01) m the rats treatisd with 60 mg/ks^day of tho 
compound, indicating a protective effect on inflammation- 
mediated bone destruction and/or a direct effect on booe 
resorption proximal to the inflamed joint (fig. 4, A and B). 

Hbtology of the tibio-tarsal joint from a normal rat and 
from rats challenged with ac^'iivant and then treated with 
vehicle (AA control) or SB 203580 is shown in 6gure 5. In the 
AA control joint, all of the original boioe and marrow has been 
replaced by granulation tissue and newly formed woven 
bone. Remnantfi of articular cartilage are evident and the 
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SB 203510 (bbW 

Rg, «. Bono densftometry ovaluatiain of ihe disial tiWa in AA r^ 
treated with SB 2035BO. Rats wera tmatod with various dos^ 5 days a 
week from day 0 to day 22. Values are the percentage of normal 
(assigned a value of 100H). mean and S.E.M. of 10 anlrhals per group. 
A, the BMD value was 0.2822 r 0.0045 for normal rats and 0,01633 ± 
0.0067 for AA r3ts, which is a az% decr^qse in ^MO in the diseased 
animals, B. (he BMC value was 0.0540 ± 0.0007 for norma) rats and 
aQ348 s 0.001 for AA rats which is a 36% decrease in BMC in the 
diseased animals. The effect of SB 203580 was statisiically aignficant 
on both BMD »id BMC. < .01. 
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Fig. S. A, photomicrograph of a normal tibio-tafsal ioini. Cancellous 
bone of the metaphysis Oeft) is separated from the epiphysis (middle) by 
the grovtfth plate (continuous, pink fine). The joint 6pdC6 between the 
tibia and tarsus O^ghl) is clear^ visible. B, photomicrograph of a tibio- 
tarsal joint typical of a rat suffeHng from AA. aII of the original normal 
marrow and bone of the tibia and tarsus has been replaced fay granu- 
lation tissue within which reactive woven bone has formed. The joint 
space (running vertically in approximately the same location es in the 
upper and lower panels) has been obliterated almost entirely by Infil- 
trating granulation tissue artd a large region of the articular cartAage on 
the tarsal side of the Joint has been replaced by granulation tissua. C, 
photomicrograph of a tib)o-tair&al joint from a rat which had been 
chollenged wlih adjuvant and then freiated with SB 203580 (60 mg^ 
day) for 22 days. Although a small amount of infiltratian and cartilage 
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TABLES 

Inhibition of serum IL-6 in AA rats treated wrth 3B 2Q3S80 
S8 203SfiO waa admlrtlsiarod orally Sx a week from day 0 to 22. Scrum (L-6 
fnifdiutttd on day 23. Dota 9fp moa/t ± $.E. for 10 anbviab por group. **" P < .001. 
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former joint space has been infiltrated with granulation tis- 
sue. The joint from the rat treated with SB 203560 shows 
protection of the joiat apace, articular surf acee and subchon- 
dral bone. Although the tibial metaphyseal cancellous bone 
and marrew have been replaced by granulation tissue, these 
comp^nentg of the tarsus are normal This hiatolo^fical ap- 
pearance is conaiBtent with SB 203580 having retarded the 
progression of the a^juvant-induced arthritic lesion. 

Serum DU6 levels in AA rats treated with SB 2Q3580 on 
days 0 to 22 were measured in a B9 hybndoma proliferatioxi 
assay. Normal rats had serum II/-6 levels of < 50 p^ml, 
wher«a3 levels in rats with untreated AA were elevated as 
high as 1.85 n^/bil. In rats treated with SB 203580, there was 
a 40% reduction in 1X^6 at the 60 mg/kg dose (P < .001) And 
23% inhibition at 30 mg/kg (P < .001) (table 3). 

Fetal rat long bone assay. As studies in the AA rat 
fihowed clearly that treatment with SB 203580 had disease- 
modifying activity and protective effects on both bone and 
cartilage, we examined the effect of the compound in a fetal 
rat long bone resorption asaay. In this assay, ostdodast- 
mediated bone resorption is monitored by meaeuriiig the 
release of *°Ca into the culture medium from preradiolabeled 
fetal long bones. SB 203580 inhibited resorption in a concen- 
tratjon-dependejat manner; 3 /xM(85%, P < .001), I ^iM(80%, 
P < .001) and 0.3 piM (38%, P < .05). The IC50 was 0.6 
(Hg. 6). 

Endotoidn shock. The effect of SB 203580 was evaluated 
in a mouse model of endotoxin shock. In this model, C67BL/6 
mice are sensitized with D'<+)-gal, which makes them highly 
susceptible to the lethal effects of endotoxin (LPS), One hour 
before an i.v. injection of LPSA>gal, control mice have serum 
levels of TNF-a up to 4 ng^nl. This is reduced in a dose- 
dependent manner by prophylactic administration of SB 
203580 given 30 min before the irg^ction of LPS/o-gal. Doses 
of 100, 60 and 25 mg/kg were active and inhibited TNP-n 
levels by 87% (P < .OOl), 62% (P < .001) and 42% (P < .001), 
respectively (table 4). In a separate group of mice that were 
monitored for survival, 84% of mice treated "with the 100 
mg/kg dose of SB 203560 aurvivcd compared to only 17% of 
control mice. 

Immune fVinction. In order to determine whether chronic 
administration of a CSAID^ molecule such as SB 203580 
had detrimental (suppressive) eCTccts on the immune Byvtem, 
BALB/c mice were immunized with OVA in CFA and then 
treated for 2 weeks (5 days a weeV) with 60 mg/kg i.p. of the 



erosion can be seen on the btual side (top), the Joint space and articular 
surface are erthoivHse normal. Whereas the canceUous bone of the tibial 
metaphysis has been lost and the rnarrpw tai^geiy replaced by granu- 
lation tissue, woven bone hos not yot formed. The bone arwl marrow of 
the tibial epipliyals and the tarsus arc nbmial. 
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Fig. 6. SB 203580 Inhlbli^PTH-stimulatod fetal rat Jong bono resorp- 
tion !n vifirp (IC30 0.6 Frta} rat radii and ulnae ^our bones per 
treatrhent per experlmeni) were cultured In tha presanca of 50 ng/ml of 
PTH and tha Indicated concentrations of SB 203580 for 48 hr as 
described undor "Materials and Methods." Each data point roprasents 
mean and S.&M. from three separata experirnents. Bones cultured in 
the absence of PTH released approximately 14% of the Incorporated 
'^Ca. In the praeence of PTH, control bones released apprexfmately 
AS% of the incorporated «°Ca. 

compound or with RaP at 60 zng/kg. The semm at^tibody 
roBponae of nice treated with RAP was suppressed totally by 
this treatment and there was a significant reduction in the 
anti-OVA serum antibody titer in mice treated with SB 
2035SO (fig. 7A). However, when lymph node cells from 
treated mice were examined for theix reapon^ to the sp^cifie 
OVA antigen or to the mitogen Con A» no inhibition of pro- 
liferation was observed (fig. 7, B and C). Neither was there 
any inhibition of an aUogencic response in a mixed lympho- 
cyte reaction between spleen cells from treated mice and 
C57BL/6 stimuUtor (3000 R) cells (fig. 7D). In all eaaea. the 
lymphocyte responseB of RAP-treated mice were suppressed 
dramatically. 

Discussion 

The pyxidinyl imidazolea are a novel daaa of compounds 
that have potent inhibitory effects on cytokine production 
both in vitro and in viuo, and also show anti-inilanunatory 
activity in a variety of animal models (reviewed in Lee et al., 

1993) . An early compound in this series, SK^ 66002, had 
cytokine auppreseive activity (ICoo. 1 (Lee et al., 1993). 
but no significant antiproliferative activity (Reddy ct al»t 

1994) . In addition to cytokine suppressive activity, SK&F 
86002 and tiiany struetuVBUy related analogs inhibited eico- 



sanoid metabolism in LO and CO enzyme assays (Griswold el 
o^, 1987). In keeping with this profile of both cytokine and 
eicDsanoid inhibition, SK&F 86002 and related compounds 
^ showed therapeutic activity in mouse collagen-induced az^ 
'..thzitis (Griswold et aL, 1988) and earageenan-induced in- 
flammation (Lee et al., 1993), as well as analgesic activity in 
mouse abdominal constrictien aasays (Lee et al,, 1993). These 
activities, however^ could not totally be attributed to LO/CO 
inhibition and the oompoundft dearly did not act as claaaical 
nonsteroidal anti-inflammatory drugs. Evidence for thia was 
their activity in assays and models relatively insensitive to 
CO inhibition such aa collagen^induced arthritis (Griswold ci 
dl», 1988), the fetal rat loztg bone resorptaloh assay (Votta and 
Bertolinl, 1994) and mouee models of endotoxin shock (Bad* 
ger et ai., 1989; OHvern et al., 1992). 

In studies designed to define the mechanism of cytokine 
sui»pression by the pyzidinyl imidazoles, it was revealed that 
inhibition of TNFkx eyntheais was primarily at the transla- 
tional rather than the transcriptio&al level (Lee et aL, 1990; 
Youn^ et al., 1993), and that a block oceurred before nascent 
peptide elongation (Youixg etaL, 1993; Prichett et aL, 1995; P. 
R. Young, unpublished data). Recent inveetigations using 
THP.l cells, radiolabeled chemical probes for radioligand 
binding asaaya and photoafiBnity labeling experiments have 
identified the molecular target of these compounds to be a 
pair of closely related mitogen-eiStivated protein kinase ho- 
mologa termed CSBPs (Lee et aL, 1994b). CSBP, alterna- 
tively termed p38 or RK» has subsequently been identified 
Independently by aevatal laboratories (Lee et aL, 1994b; Han 
et aL, 1994; Rouse et aL, 1994). 

Inhibition of CSBP kinase activity b:^ these compounds 
correlates with cytokino inhibition and THP.l cytost^ bind- 
ing assays (Lee et al,, 1994b). SB 203580 (4-(4-fluon>phenyl)- 
2-(4-methylsu]finylphenyl)-5-(4-pyridyl)imidazolel, a newer 
member of the pyridinyl imidazoles, is the beet studied com- 
pound and has an ICqo of 0.22 iiM as a CSBP inhibitor 
(Cuenda et al., 1095; C^allagher et aL, 1995; T. R Gallagher et 
aL, in press, 1996). The compound is highly apecific for CSBP 
kinase with no inhibitoxy activity observed on a variety of 
other kinases (Cuenda eta/., 1995). A physiological substrate 
of CSBP is MAPKAP kinase-2, and SB 203560 inhibits the 
activation of thia Idnase and its subsequent phosphorylation 
of hsp 27 in stress-stimulated cells (Cacnda et aL, 1995). In in 
vitrp monocyte cultures, SB 203580 inhibits U^l and TNF-o 
fi^om LPS-stimulated human monocytes (IC^q, 50-100 oM) 
as well as the production of leukotriene B^ from calcium 
ionophore (A23187)-6timulated human monocytes (IC50, 1.5 
^M) (M. D. Chabot-Fletcher, unpublished observations). In 
HL-60 cells, SB 2()358b had little effect on the LO pathway, 



TABLE 4 

SB 2035B0 inhibits eenmi TNFa and improves sunrlval in a murine model of endotoxin shock 

Mate C57BL/6 mice were treated pjo, iwtth SB 2(8580. 90 min before LPS/o-gat givvn l.v. Sentm TNF was measured 1 hr iBtar. Oera ore mean and SJEJM. of llvofi 10 
nve animals pcf grouo* Survival was nwmltored tn a separate grrjup of mk» (alz per ^oup). * P < ^ by Raher'a esacc teSL NO * ml done. 
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Fig. 7. immune function in BAL9/c mice treated with 3B 203560 at 60 mg/kg i.p. for 2 weelcs. Mice wens immunized in ths hind footpads with 
OVA to CPA as described under "Materials end Methods." A, serurh antibody response to OVA measured In an EUSA assay. Data are from pooled 
sdnjm samples. B, proliferetive response of lymph node cells to varying dosos of OVA. Data ai« mean and S.O. of six replicates. C, proliferative 
response of lymph node ceils to varying doses of Con A. Dale «re mean and S.D. of six replicates. control untreated; SB 203SB0; A, RAP; 
and O, mixed lymphocyte reaction of treated BALB/c spleen cells against imadiated (3000 Fl) CS7BL/6 stimulator cellft. Data are mean and S.D. 
of six roplleatos. 



but potently inhibited pt08t»glandia £2 s^n&tbeeiB, SB 
203580, however, had no direct inhibitoxy actSyi^ on pitu- 
itary growth faermone Synthase-l and only modeet inhibitory 
activity on tO CIC^q, 58 mM). The involvement of CSBI^ in the 
regulation of aradbddonic acid availability, which i6 the rate 
liinitine step^ for both hO and CO productiom, provides one 
niQchahism v^hich xnay explain theso observations. In plate- 
lets, CSBP mediates the activation of cytosolic phospholipase 
A3 by phosphorylation of cytosolic phospholipase A, in le^ 
sponse to a thrombin agonist peptide QGramer et al,, 1995). 
Thvb activation was correlated with the subsequent release of 
arachidoziic acid and fornUtion of CO produc:ts» The obscsnra- 
tion that SB 203580 inhibits the synthesis of the inducible 
COX-2 enzyme provides an additional mechamisin by which 
CSBP can rfegnlate prostanoid syntheaia (Iiee ei oi., 1994a). 



In the 8tudii» reported in this paper, we have ptoSl^d SB 
203580 in a number of pharmacological models both in uUro 
and in vivo and demonstrated its activity in a wide variety of 
TNF-a-mediated ak>imal models. SB 203580 inhibited LPS- 
induced TNF-o in vivo in both mice and rats with ICso vsJues 
of 15 and 25 mg/kg, respectively. This inhibition of TZ^-a 
was an indication that disease models such as mouse coUag- 
en-indtieed arthritis and rat adjuvant arthritis would be pos- 
itively modulated by the cdmpbcmd. Hus was indeed the case 
and, in collagen-induced disease in DBA/1 LA.CJ mice, SB 
203580 dosed for 7 days at 50 mg^cg p.o. (b.i.d.) reduced joint 
edema by 72 and 45% in two separate experiments. SAP, an 
acute inflammatozy protein in mice, was also inhihited by 42 
and 52%, respectively, in the two experiments. Evidence for 
the critical role of endogenous TNF-a in this disease model 
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has been provided by the observatioiia that administration of 
anti-TNF»u ontibodieB can ameliorate the disease (Piguet et 
aL, 1992; Thorbecke et ah, 1992; Wimams et aL, 1992) and 
that TNfF-oe transgenic mice spontaneously develop arthritis 
(Keffer et al, 1991). 

TNF-cK clearly plays a proinflammatory role in another 
animal model of HA, l^e AA rat, in which elevated levels have 
been observed in the plasma and joints (DiMartino et al, 
1993; Smith-Oliver et ol,, 1993). In this disease model, SB 
2035SO was veiy effective In reducing^ paw Inflammation at 
dosea of 30 and 60 m^^k^day with optimum inhibition ob- 
served at 60 mg/k^day (86% inhibition on day 16). Evidence 
for the protection of joint integrity at this dose was provided 
by tbe observation that there was a honnalization of BMD 
(31%) and BMC (26%) as measured by IXKA. This vraa also 
reflected in the histological evaltsation of the aCTected joints, 
in which a clear benej&dal effect was observed on both bone 
and cartilage. In keeping with the compoimd^s diseaee-mod- 
ifyin^ activity, our studies sldo demonstrated that serum 
levels o( Itr€ were reduced in treated rats. This cytokine has 
been shown to be increased in different biological fluids in 
patients with autoimmune disease^ particularly RA (Hous- 
siau et aL, 198S; Swaak et aL, 1988; Hirano et al.^ 1988). and 
the level in various inflammatory cojnpartments appears to 
be a sensitive marker of disease activity. 

The protection of bone integrity in the AA rat led us to 
evaluate SB 203580 in a direct m vitrt> assay of bone resorp- 
tion, the fetal rat long bone aesay. Cytokine a such as JLr-X and 
TNF-a have been shown to stimulate bone resorption in vitro 
and in vivo (Gowen and Mundy^ 1986; Bertolini et al., 1986; 
Tashiiian et ai., 1987; Sabatini et al., 1988), and it was 
reasonable to expect that a CSAJD™ molecule would have a 
protective effect in this mode] system. SB 203580 dose-de- 
pendently (ICso* 0.6 ;jlM) inhibited FTH-etikziulated bone re- 
sorption. Although the precise mechanism of action of the 
compound (and other pyridinyl imidazoles) on bone resorp- 
tion has not been defined fully, it appears to be related to the 
compound's cytokine suppressive properties as selective CO» 
and dual CO/LO inhibitors were inactive in this organ cul- 
ture system (Votta and Bertolini, 1994), 

Another animal model in which TNF-o haa been shown to 
play a predominant role is that of endotoxin-indueod shock. 
We demonstrated previously that SK&F 86002, a dual inhib- 
itor of arachidonic acid metabolism as well as a cytokine 
inhibitor, could reduce serum TNF-a levels and prolong sur- 
vival in mouae shock models (Badger et al., 1968). In addi- 
tion, we were able to demonstrate that antibodies to mouse 
TNP-ot could protect mice against endotoxin-induced shock in 
mice that were sensitized with Pmprionibacterium acnes 
(Badger et dL, 1989). SB 203580. a mota detective cytokine 
inhibitor with reduced inhibito)[y activity on IX) and CO, 
reduced Serum TNT-a in LPS'b-gal-sensitlzed mice and im- 
proved their survival at hi^ doses. 

It is clear that SB 203580 is a potent inhibitor of IL-1 and 
TNF-a in tfitro and that it ia phannacologicaUy ai^tive in a 
number of animal models in vivo. The question of whether 
such a potent cytokine inhibitor would bo immunosuppres- 
sive as well as having anti-inflammatory activity has beetx 
addressed by examining its activity in vivo in xnice immu- 
nized with OVA. Apart &om partial inhibition of specific 
antibody levels against OVA, there was no suppression of 
OVA-8pecific T-^ell proliferation, an allogeneic response or of 



mitogen (Con A)-induced proliferative responsas. These re- 
sults and those reported previously with the dual inhibitor of 
arachidonic acid metabolism, SK&T 86002 (Lee et al,, 1993; 
R^ddy et aZ.» 1994), show dearly that these compounds do not 
have overt immxmosuppressive activity. 

Mechanistically, it is not clear at the present time to what 
extent the beneficial effects of SB 203580 aro due to suppres- 
sion of TNF>a production or Bupprcssion of cytokine signal* 
ing. Given that SB 203580 has been shown, at least in, vitro, 
to be effective in InhibitiDg cytokine signaling leading to 
either cytokine production or other downstream effects, it is 
safe to assume that in vivo^ the compound may induce its 
antiarthritic activity via both the inhibition of cytokine pro- 
duction and action. As an in vitro example* SB 203580 has 
been shown to block IL-$ production in L929 cells stimulated 
with TNF-tf (Beyaart et aU, 1996). 

The pharmacological profile that we have descxibed here 
for SB 203580, a potent CSBP/p3d kinaae inhibitor, would 
appear to be one that WQuld be desirable for an antiarthritic 
therapeutic agent. Despite numerous attempts over the 
years to design drugs with therapeutic, potential for RA, 
there is still a real need for more effectivB, less toxic treat- 
ments to control the progression of this disease. Most thera* 
pies» although supplying symptomatic relief, do not alter the 
progression of hone and cartilage destruction in the affected 
joints. In recent years, it has become clear that a multitude of 
cytokines contribute to the overall inflammatory and bone 
destructive sequelae that occur in RA, and that targeting one 
or more of these cjrtokines could modulate the disease (Arend 
and Daycr. 1965; Elliott and Maini, 1995). TNF-o has 
emerged as a cytokine of pivotal importance in the disease 
process and inhibition of the production and/or effects of this 
cytokine is a rational therapeutic strategy (Feldmann et aL, 
1994; Brennan et o/., 1995). Indeed, ongoing studies axe 
demonstrating the e£5cacy of treatment of RA with monoclo- 
nal antibodies to TNF-a in RA patients (Elliott et a/„ 1993; 
Maini et a/., 1995). A small molecular weight orally active 
Qrtolone inhibitor with the pharmacological profile described 
in this manuscript could well provide significant beneficia) 
effects in this disease. 
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ABSTRACT 

Chronic inflammatory diseases often are accompanied by In- 
tense angiogenesis, supporting the destructive proliferation of 
inflammatory tissues, A model of inflammatory angiogenesis is 
the murine air pouch granuloma, which has a hyperangiogenic 
component. In this model, we explored the regulation of inflam- 
matory angiogenesis using SB 220025, a specific inhibitor of 
human p38 mitogen-activated protein (MAP) kinase, with an 
IC50 value of 60 nM and 50- to 1000-fold selectivity vs. other 
kinases tested. In vivo, this compound reduced the llpopo- 
lysaccharide-induced production of tumor necrosis factor at an 
ED50 value of 7.5 mg/kg. In the inflammatory angiogenesis 
model, over the course of granuloma development, we ob- 



served elevated levels of interleukin-1 )3 and tumor necrosis 
factor-a during the chronic inflammatory phase when intense 
angiogenesis occurs. SB 220025 at 30 mg/kg b.i.d. p.o. was 
able to greatly reduce the expression of these cytokines and 
inhibit angiogenesis by '^40%. To further study the effects of 
p38/CSBP MAP kinase Inhibition in angiogenesis-dependent 
chronic inflammatory disease, SB 220025 was tested in murine 
collagen-induced arthritis. In this model, SB 220025 was able 
to prevent the progression of established arthritis. Thus, this 
p38/CSBP MAP kinase Inhibitor, which can reduce inflamma- 
tory cytokine production and inhibit angiogenesis, is an effec- 
tive treatment for chronic proliferative inflammatory disease. 



Proliferating tissues require angiogenesis to support their 
growth, and thus diseases such as cancer and chronic inflam- 
mation are thought to be angiogenesis dependent (Folkman, 
1995; Jackson, 1996). In the case of chronic inflanmiation, 
angiogenesis may be required not only to support the prolif- 
eration but also to allow the massive cellular infiltration 
associated with the chronically inflsuned state. Angiogenesis 
is normally under very tight control. In the normal adult, the 
majority of the vasculature is stable, with endothehal cell 
turnover on the order of thousands of days. Nevertheless, 
these quiescent cells can rapidly switch to an angiogenic 
phenotype under certain conditions, as, for example, in 
wound healing. Once a new capillary bed is established, 
however, the endothelium normally returns to its quiescent 
state. 

Understanding the signals that regulate euigiogenesis is 
key to controlling it imder pathological conditions. Growth 
factors such as VEGF and FGF are clearly able to induce 
angiogenesis and, in the case of VEGF, appear to be regu- 
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lated by physiological signals like hypoxia. Hypoxia is not 
always necessary, however; some inflammatory mediators 
can potently induce angiogenesis in vivo even in the absence 
of hypoxia. Both IL-lp and TNF-a can induce angiogenesis in 
the normally avascular cornea (BenEzra et aZ., 1990; Ben- 
Ezra and Maftzir, 1996; Fajardo et al, 1992). These two 
cytokines have numerous activities, including upregulation 
of other cytokines, such as IL-8; upregulation of adhesion 
molecule expression; stimulation of matrix metalloproteinase 
expression; and increased prostaglandin production (Din- 
arello, 1991). Many of these activities may contribute to the 
angiogenic activity of these cytokines. Thus, inhibition of the 
activity of ILrl/3 and TNF-a could have an obvious benefit in 
angiogenesis-dependent inflammatory diseases. One means 
of inhibiting IL-1/3 and TNF-a activity is by decreasing their 
production, SB 220025 is a new compound belonging to the 
CSAID"^ class of cytokine biosynthesis inhibitors (Cuenda et 
al , 1995; Lee et al , 1994), which act specifically on p38/CSBP 
MAP kinase to block a cascade, resulting in decreased pro- 
duction of IL-10 and TNF-a as well as other mediators, such 
as IL-6 and prostaglandins (Beyaert et aL, 1996; Pouliot et 



ABBREVIATIONS: CSBP, CSAID™ binding protein; EGFR. epidermal growth factor receptor; Erk, extracellular regulated kinase; FGF, fibroblast 
growth factor; GM-CSF, granulocyte/macrophage colony-stimulating factor; ELISA, enzyme-linked immunosorbent assay; IL, Interleukin; LPS, 
lipopolysaccharide; MAP, mitogen-activated protein; PK, protein kinase; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor. 
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aZ., 1997). We used this compound to examine the role of 
these inflammatory mediators in inflammatory angiogenesis. 

Materials and Methods 

Compounds. Medroxyprogesterone was obtained from Sigma 

Chemical (St. Louis, MO). SB 203580 [4-(4-flourophenyl)-2-(4-meth- 
ylsulfmylphenyl)-5-(4-pyridyl)imidazole)] and SB 220025 [5-(2- 
amino-4-pyrimidinyl)-4-(4-fluorophenyl)-l-(4-piperidinyl)imidazole)] 
were synthesized by Medicinal Chemistry, SmithKline Beecham. 

Measurements of kinase activity. p38 was prepared and as- 
sayed as previously described (Young et al. , 1997), with the following 
modifications: 30-/i,l reactions contained 25 mM HEPES, pH 7.5, 8 
mM MgCLa, 70 nM enzyme, 0.17 mM ATP (2 y.C\ oi^^V\ 0.2 mM 
Na3V04, 0.67 mM T669 peptide (derived from the EGFR KRELVE- 
PLTPSGEAPNQALLR), 0.167% dimethylsulfoxide and compoimds. 
Reactions were incubated at SO^C for 10 min, stopped with 10 ;xl of 
0.3 M phosphoric acid, captured on phosphocellulose filter paper 
(P81), washed with 75 mM phosphoric acid and counted by liquid 
scintillation. 

p56-Lck autophosphorylation assay was carried out in immune 
complex kinase assay as described previously (Juszczak et al., 1991). 
EGFR autophosphorylation activity was determined in an immune 
complex assay as for p56-Lck (above), using anti-human EGFR an- 
tibody (Upstate Biotechnology, Lake Placid, NY) and lysates of A431 
cells. 

PKC was assayed using rat brain cytosol (containing all PKC 
isoforms)and a peptide substrate (PLSRTLSVAAKK) derived from 
glycogen synthase. The 50-/il reactions contained 10 mM Tris, pH 
7.5, 10 mM MgCl2, 0.9 mM EGTA, 1.1 mM CaCla, 40 ^ig/ml L-a- 
phosphatidyl-L-serine, 1 ^tg/ml 1,3-diolein, 50 /iM ATP (with 0.5 ^Ci 
of ^^P) and 5 /ig of peptide substrate. Incubation was for 20 min at 
37**C, and the phosphorylated peptide was isolated on phosphocellu- 
lose (p81) and coimted as described above. 

PKA was assayed using the catalytic subunit of PKA (Sigma) and 
histone H2A as substrate. Reactions of 50 juJ contained 50 mM 
3-(N-morpholino)propanesulfonic acid, pH 6.5, 10 mM MgClz, 50 pM 
ATP (0.5 /iCi of ^2p)^ 0.1 mg/ml histone and 1 /iM cAMP. Incubation 
was for 20 min at 37'*C, and the phosphorylated peptide was isolated 
on phosphocellulose (p81) and counted as described above. 

rErk (p42/44) (Upstate Biotechnology) was assayed using T669 
peptide (above) in the same reaction conditions used for p38. 

LPS induction of TNF-a. The method of Olivera et al. (1992) was 
used for LPS induction of TNF-a. Balh/C mice (Charies River Labs, 
Wilmington, MA) were administered the test compotmd or vehicle 
(acidified tragacanth) 30 min before challenge with intraperitoneal 
injection of 25 jug of LPS {Escherichia coli, type W, 055:B5; Difco, 
Detroit, MI). After 120 min, blood was collected through exsangui- 
nation, and serum samples were used to measure TNF-a levels by 
ELISA (see below). 

Murine air pouch granuloma. This model is based on the 
methods of Colville-Nash et al. (1995). Female Balb/C mice (20 ± 2 g) 
were used, and granulomatous tissue was induced in anesthetized 
animals (Aerrane; Hanna Pharmaceutical Supply, Wilmington, DE) 
through the injection of 3 ml of air into the dorsal subcutaneous 
tissue on day - 1, followed by the injection of 0.5 ml of 0.1% v/v croton 
oil (Sigma) in Freund's complete adjuvant (Sigma) on day 0. The 
dosing regimen was started on day 0 and continued until day 5, in 
conscious animals, with the compound being solubilized in 0.2 ml of 
N,N,dimethyl acetoacetamide (Sigma)/Cremephor El (Sigma)/saline 
or water (10:10:80) (saline was used for intraperitoneal injections, 
whereas water was used for oral dosing). On the indicated days, the 
animals were anesthetized and warmed to 40**C for peripheral vaso- 
dilation. A vascular cast was made by the intravenous iiyection of 1 
ml of solution of 10% carmine red/5% gelatin solution (Sigma). The 
animals were chilled at 2" to 4''C for 3 hr before the removal of the 
granulomatous tissue. 

The removed tissue was weighed, dried at 40^C for 3 days before 



Vol. 284 

digestion in 0.9 ml of a 0.05 M phosphate buffer, pH 7.0, containing 
12 U/ml papain (Sigma) and 0.33 g/liter N-acetyl-L-cysteine (Sigma) 
for 2 days at 56°C and solubilization of the carmine red with 0.1 ml 
of 5 mM NaOH, Samples were filtered (0.2 /mi), and the carmine 
content was determined against a carmine standard curve read at 
490 nm. Sample and standard values were determined using Delta- 
Soft ELISA analysis software (Biomettalics, Princeton, NJ). The 
vascular index is the ratio of the milligram of carmine dye per gram 
of dry tissue. Cedarwood oil clearing was done as described by 
Colville-Nash et al. (1995), using dissected granulomas containing a 
carmine vascular cast. These were fixed in ethanol and then incu- 
bated in cedarwood oil (Sigma) for >14 days, causing the tissue to 
become translucent and allowing the vasculature to be easily visu- 
alized via the carmine dye trapped within the vessels. 

Cytokine ELISAs. Tissue extracts were made through homoge- 
nization of granulomas in 0.5 ml of 5 mM KH2PO4/O.I g of wet tissue. 
IL-1^ levels were determined using a C3rtoscreen Immunoassay Kit 
(BioSource International, Camarillo, CA). TNF-of levels were deter- 
mined using the following assay: plates were coated with hamster 
anti-murine TNF-a antibody ((jenzyme, Cambridge, MA) for 2 hr at 
37*C and washed and blocked with a casein/BSA solution (5 g/liter 
for each) for 1 hr at 37°C, and the samples were added and incubated 
at 4*'C overnight. Plates were washed, and the secondary antibody, 
rabbit anti-mouse TNF-a (Genzyme), was added for 2 hr at 37°C; the 
plates were washed, and the tertiary antibody goat anti-rabbit per- 
oxidase conjugate (BioSource International, Camarillo, CA) was 
added for 2 hr at 37°C. The plates were then washed, and substrate 
OPD (Sigma) was added for 20 min at room temperature. The reac- 
tion was terminated with 25 /d of 0.1 M NaF/well, the absorbance 
read at 460 nm. Sample values for both ELISAs are calculated using 
DeltaSoft ELISA analysis software (Biomettalics Inc., Princeton, 
NJ). 

Collagen-induced arthritis. The model was described previ- 
ously (Griswold et al., 1988). Briefly, male DBA/1 LacJ mice (16-18 
g; Jackson Labs, Bar Harbor, ME) were primed intradermally with 
0.1 ml of an emulsion consisting of equal volumes of Frevmd's com- 
plete adjuvant and bovine type II collagen at 2 mg/ml in 0.01 N acetic 
acid. After 21 days, the mice were given an intraperitoneal booster of 
0.1 ml of 1 mg/ml bovine type II collagen in 0.01 N acetic acid without 
adjuvant. After the booster, mice were evaluated daily for incidence 
and severity of arthritis in their limbs. Scores of 0 to 4 for each limb 
were determined subjectively, in which 0 equals noninvolved and 4 
equals the greatest severity of erythema and swelling. The maxi- 
mum possible score for an arthritic mouse was 16 (4 points/limb). 
When the severity score reached "^4, which was typically within 2 
weeks of the collagen booster, mice were randomly assigned to vehi- 
cle or drug-treated groups, and oral dosing with SB 220025 or vehicle 
alone began. This day was designated day 0, and dosing continued 
for 10 days. Mice were evaluated, with no attention paid to their 
group, on days 7 and 10. All scoring was done by the same scorer as 
previously described (Griswold et al. , 1988), 

Results 

SB 220025 selectively inhibits p38 MAP kinase. The 
pyrimidyl imidazole compounds as exemplified by SB 203580 
have been previously demonstrated to specifically inhibit p38 
(Cuendaef al, 1995; Lee et al., 1994; Young a/., 1997). SB 
220025, a novel member of this structural class (fig. 1), v^^as 
tested in a number of kinase assays to assess its use as a p38 
inhibitor (table 1). This compound inhibited p38 phosphory- 
lation of an EGFR peptide substrate with an IC50 value of 60 
nM, which is 10-fold more potent than SB 203580 (IC50 = 0.6 
/iM; Cuenda et al., 1995). In selectivity assays, p38 inhibition 
by SB 220025 was > 1000-fold selective over Erk (p42/p44 
MAP kinase), 500-fold selective over PKA, > 1000-fold selec- 
tive over EGFR and 50-fold selective over PKC. 



1998 



Inflammatory Cytokines in Angiogenesis 



689 





SB 203580 SB 220025 

Fig. 1. Structures of SB 203580 and SB 220025. 

TABLE 1 

ICgo values for the effect of SB 220025 on the activities of protein 
kinases 





p38 


Erk 


PKA 


PKC 


EGFR 


p56-Lck 


SB 220025 


0.060 


>150 


30.4 


2.89 


>100 


3.5 



Kinase assays were performed as described in the text, IC50 values are in and 
were calculated from percent inhibition data obtained using serial dilutions of the 
compound. 

SB 220025 inhibits inflammatory cytokine produc- 
tion in vivo. To examine the in vivo efficacy of SB 220025, an 
acute model of LPS-induced TNF-a expression was used. SB 
220025 at a range of doses from 3 to 50 mg/kg was given to 
mice orally 30 min before challenge with LPS. Serum TNF-a 
was measured by ELISA after 2 hr. This compoimd dose- 
dependently inhibited TNF-a production with an ED50 value 
of 7.5 mg/kg (fig. 2). Greater than 80% inhibition was ob- 
tained at 50 mg/kg. Thus, SB 220025 is an orally available, 
potent inhibitor of TNF-a sjnithesis 

SB 220025 inhibits angiogenesis in the murine air 
pouch granuloma model. The inflammatory c3rtokines 
TNF-a and IL-lj3 are potent inducers of angiogenesis. To test 
whether they are involved in the promotion of angiogenesis 
in chronic inflammation, we used the cytokine-suppressive 
p38/CSBP MAP kinase inhibitor SB 220025 in a model of 
inflammatory angiogenesis. The murine air pouch granu- 
loma has been characterized as a chronic inflammatory pro- 
gression with a profound angiogenic component (Colville- 
Nash et al. , 1995). It provides a model in which modulation of 
angiogenesis in an inflammatory bed can be quantified. 
Granulomas were formed in a 3-ml dorsal subcutaneous air 




Dose SB 220025 
(mg/kg, p.oO 

Fig. 2. Effect of SB 220025 on LPS induction of TNF-a in vivo. Mice were 
pretreated with the indicated doses of SB 220025 and challenged with an 
intraperitoneal ipjection of LPS. TNF-a levels in the serum were mea- 
sured 2 hr after the challenge by ELISA. The vehicle control TNF-a level 
was 4.35 ± 0.4 ng/mouse (n - 8). ED50 value was determined by regres- 
sion analysis. 



pouch by injection of 0.5 ml of Freund's complete adjuvant 
and croton oil. Within 3 days, a cohesive granulomatous 
tissue encased the adjuvant mixture. The granulomas were 
evaluated by weight, histology and vascular index (mg of 
carmine dye/g of dry tissue), which was used to assess the 
extent of angiogenesis. 

Using a range of doses, we analyzed the effect of SB 220025 
on granvdoma size and vascular index on day 6. This time 
point was chosen because it allows sufficient time for angio- 
genesis and the development of chronic inflammatory char- 
acter but occurs before the onset of fibrotic features (Colville- 
Nash et al. , 1995; Jackson et aL, 1997). The compoimd caused 
a dose-dependent reduction in angiogenesis as measured by 
the vascular index of the granuloma (fig. 3). The maximum 
effect was a 44% reduction at 50 mg/kg. This is similar to the 
maximum effect we obtained with a positive control, the 
angiostatic steroid medroxyprogesterone (fig. 3), which was 
chosen for its well-documented antiangiogenic activity (Gross 
et aLf 1981), lack of anti-inflammatory activity and consis- 
tent pharmacology in our experience with this model. Nei- 
ther SB 220025 nor the angiostatic steroid had an effect on 
granuloma size (dry weight). 

Effect of SB 220025 on the time course of angiogen- 
esis. We evaluated the effect of the p38/CSBP inhibitor at 
several time points to determine whether its effects would be 
different at the various stages of inflsunmatory and angio- 
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Fig. 3. Tissue dry weight and vascular index (mg of carmine dye/g of dry 
tissue) of day 6 granulomas after treatment with SB 220025 or medroxy- 
progesterone. Dosing began when granulomas were induced. Data are 
expressed as a percentage of vehicle-treated control animals ± S.D. 
Control vascular index was 5.4, and control dry weight was 0.28 gin - 5). 
^Significant from control at P < .05, calculated by Duncan's multiple- 
range test. 



genie progression. SB 220025 was given orally, at an inter- 
mediate dose of 30 mg/kg twice a day starting on day 0, and 
granulomas were evaluated on days 3, 5, 7 and 14. Granu- 
loma size remained fairly constant and was imaffected by the 
SB 220025 (fig. 4). The vascular index of the control group 
rose gradually from day 3 to 14, whereas the vascular index 
of the treated group remained constant. At day 3, the com- 
pound did not cause a significant reduction in vascular index 
compared with control; however, at days 5, 7 and 14, the 
vascular index was lowered significantly by SB 220025. 
Thus, the p38/CSBP MAP kinase inhibitor did not affect the 
initial burst of angiogenesis but did prevent the increase in 
£uigiogenesis that occurs after day 3. 

Inflammatory cytokines such as ILrl/3 and TNF-a have 
been implicated in the pathogenesis of angiogenesis in 
chronic inflammation, and p38 inhibitors, such as SB 
220025, have been demonstrated to inhibit the sjoithesis of 
these cjrtokines. We measured the levels of these cytokines 
over the course to granuloma development to determine 
whether the modulation of their expression by SB 220025 
correlated with inhibition of angiogenesis. Cytokine levels 
were measured by ELISA using homogenates of granuloma 
tissue. TNF-a levels rose sharply, peaking at day 7 and 
dropping back down to moderate levels by day 14 (fig. 4). SB 
220025 greatly reduced TNF-a levels at day 7. IL-p levels 
were also high in control granulomas, peaking at day 7, and 
as with TNF-a, the p38/CSBP MAP kinase inhibitor effec- 
tively blocked the increased IL-ip expression. Thus, the abil- 
ity of SB 220025 to block the sharp rise in TNF-a and IL-1^ 
between days 5 and 7 correlated well with the ability of the 
compound to prevent the increase in vascular index that 
occurs over the same time points. 

Microscopic analysis angiogenesis in the granuloma. 
Angiogenesis in the granuloma was microscopically evalu- 
ated using cedarwood oil clearing. Figiure 5 shows the vascu- 
lature of day 6 granulomas horn both imtreated and SB 



220025-treated mice. The profound angiogenesis in the gran- 
uloma is demonstrated by the extensive vascular network in 
the control tissue. There was a striking reduction in the 
vasculature of the treated tissue. The fine capillaries seen in 
the control tissue were completely absent in the treated tis- 
sue, and only a few larger vessels remained visible. 

Effect of SB 220025 on chronic inflammatory disease. 
The anti-inflanunatory and antiangiogenic activities of SB 
220025 suggest that it would provide an effective treatment 
in chronic inflammatory diseases such as rheumatoid arthri- 
tis, which has both inflammatory cytokine and angiogenic 
components. Thus, we tested SB 220025 in a chronic inflam- 
matory disease model, murine collagen-induced arthritis. 
Mice were primed with bovine collagen, and 3 weeks later, 
the animals were given intraperitoneal injections of soluble 
collagen and monitored for the appearance of arthritis. Dos- 
ing began after arthritis was evident, usually between days 7 
and 14 after collagen boost. The first day of dosing was 
designated day 0. Animals treated with SB 220025 (50 mg/kg 
p.o. b.i.d.) had no increase in severity of arthritis over 10 
days, whereas the severity of arthritis in the control mice was 
increased at days 7 and 10 (fig. 6). Thus, the p38/CSBP MAP 
kinase inhibitor effectively blocked the progression of arthri- 
tis. 

Discussion 

Proinflammatory cjrtokines such as IL-lj3 and TNF-a have 
been shown to play a central role in many inflanmiatory 
processes (Dinarello, 1991). This study demonstrates the im- 
portance of IL-1J5 and TNF-a in chronic inflammatory angio- 
genesis and arthritis. Angiogenesis is a normal physiological 
response in woimd healing, but in diseases such as rhevuna- 
toid arthritis and psoriasis, it can take on a pathological role. 
The association between angiogenesis and chronic inflamma- 
tion has led to the hypothesis that angiogenesis is induced by 
inflammatory events. Indeed, it has been shown that IL-lj3 or 
TNF-a can induce angiogenesis in the normally avascular 
cornea (BenEzra et al, 1990; BenEzra and Maftzir, 1996; 
Fajardo et aL, 1992). We evaluated the role of these C3^okines 
in inflammatory angiogenesis in vivo by using a murine air 
pouch granuloma model. Both IL-1^ and TNF-a levels in the 
granuloma tissue increased sharply over the first 7 days of 
granuloma formation, the same time period in which angio- 
genesis was very active. 

We modulated the activity of IL-1|3 and TNF-a using the 
p38/CSBP inhibitor SB 220025, which inhibits their synthe- 
sis. This compoimd is more potent than the previously re- 
ported p38 inhibitor SB 203580. We observed an ED50 value 
of 7.5 mg/kg for LPS-induced serum TNF-a production, 
which is twice as potent a value as that reported for SB 
203580 (Badger et aL, 1996). SB 220025 caused a significant 
dose-dependent decrease in the vascular density of the gran- 
uloma, and this correlated with decreases in IL-1|3 and 
TNF-a levels. The hypothesis is that decreasing ILl and 
TNF-a levels resulted in inhibition of angiogenesis in an 
inflammatory tissue bed. 

When we analyzed a time course of granuloma develop- 
ment, we observed that the control group granuloma size, as 
measured by dry weight, increased drsonatically from day 0 
to 3 and then was steady from day 3 to 14. In contrast, the 
control group vascular index increased steadily firom day 3 to 
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Fig. 5. Cedarwood oil histology of air pouch granuloma. Carmine dye vascular casts were made in day>6 granulomas from mice treated with SB 
220025 (30 mg/kg b.i.d. p.o.) (A) or vehicle only (B). Granulomas were fixed in ethanol, cleared in cedarwood oil as described in the text, and 
photographed with transmitted light under 12 X magnification. 
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Fig, 6. Collagen-induced arthritis and measurement of severity are de- 
scribed in the text. Dosing with SB 220025 (50 mg/kg b.i.d. p.o.) or vehicle 
began only when the severity score reached ^i, and this was designated 
day 0. Data are shown as mean ± S.D. in = 7). ^Significant from control 
at P < .05. **Significant from control at P < .01 calculated by Student's 
t test. 

14. This time course is somewhat different from that reported 
by Colville-Nash et ai (1995), who observed a decrease in 
granuloma size after day 7, and biphasic vascular index, with 
a sharp peak at day 5 and a smaller peak at day 14. In other 
studies with this model, we observed a similar biphasic vas- 
cular index (data not shown); however, the dramatic maxi- 
mum and minimvun at days 5 and 7 appear to be very tran- 
sient and have not been consistently reproducible. Thus, it is 
important to always run a control group for each time point 
in each drug study. Similar to Colville-Nash et al. (1995), we 
observed a regression in granuloma size, if followed beyond 
day 14. 

In the present study, SB 220025 had no effect on granu- 
loma size and did not inhibit angiogenesis at the 3-day time 
point, but it blocked the subsequent increases in vascularity 
most noticeably over days 5 and 7. This antiangiogenic ac- 
tivity correlates well with the highest levels of IL-1/3 and 
TNF-a in the graniiloma. These time points also represent a 
switch from an acute to a chronic inflammatory phenotype 
(Jackson et a/., 1997), suggesting that the p38/CSBP MAP 
kinase inhibitor is most effective at inhibiting angiogenesis 
associated with chronic inflammation. The initial angiogen- 
esis occurring over the first 3 days is likely to be induced by 
something other than IL-1/3 or TNF-a because their levels 
have not yet risen. One possibility is VEGF, which has been 
shown to be at its highest levels esu-ly in granuloma devel- 
opment (Appleton et al, 1996). Moreover, at day 14 in the 



control group, angiogenesis was still increasing in this study, 
even though TNF-a and IL-ip levels had dropped substan- 
tially. This time point represents another phenotypic change 
in the granuloma, when the chronic inflammatory phenot3^e 
gives way to a fibrotic phenotype (Jackson et ai, 1997). Thus, 
angiogenesis may be driven by another factor or factors, such 
as FGF, at this stage. 

Granuloma size was not decreased by inhibition of angio- 
genesis with SB 220025. This was not surprising because 
granuloma growth is not angiogenesis dependent in this air 
pouch model (Colville-Nash et aL, 1995; Jackson et al.y 1997). 
The model provides an in vivo system for the study of hy- 
perangiogenesis in an inflammatory tissue but is not a model 
of inflammatory disease. To test the effect of SB 220025 in a 
model of rheumatoid arthritis, an angiogenesis-dependent 
chronic inflamnunatory disease, we used murine collagen- 
induced arthritis. Using a therapeutic dosing regimen, in 
which dosing did not begin until there was evidence of ar- 
thritic joint disease, SB 220025 was able to prevent further 
increases in the severity of arthritis. Thus, an inhibitor of 
IL-l/3/TNF-a sjmthesis and angiogenesis was a very effective 
treatment for arthritis. This agrees with other studies that 
demonstrated that TNF-a antibodies (Piguet et al, 1992) 
were an effective treatment for collagen arthritis and that 
the angiogenesis inhibitor AGM-1470 was able to reduce the 
severity of collagen-induced arthritis in rats (Peacock et aL, 
1992). Interestingly, in a study of other anti-inflammatory 
drugs (Griswold et aLy 1988), the nonsteroidal anti-inflam- 
matory drug ibuprofen was not particularly effective in this 
model, further suggesting that the anticytokine and antian- 
giogenic properties of SB 220025 are key to its antiarthritic 
activity. 

Although inhibition of IL-ljS and TNF-a synthesis is 
strongly implicated to be responsible for the antiangiogenic 
and antiarthritic activities of SB 220025, it is possible that 
inhibition of the synthesis of other cytokines also may be 
involved. Other factors, such as the inducible cyclooxygenase, 
IL-6, IL-8 and GM-CSF, also are regulated by p38/CSBP 
MAP kinase (Beyaert et ai , 1996; Lee et al. , 1988, 1989, 1993; 
Pouliot et al, 1997) and thus may be affected by SB 220025. 
However, IL-1/3 and TNF-a are reported to have more potent 
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angiogenic activities than eicosanoids and these other c)rto- 
kines, and the most effective antiangiogenic activity of SB 
220025 on days 3 and 5 of granuloma development correlated 
well with inhibition of IL-lp and TNF-a synthesis. It is 
important to note that p38 inhibitors such as SB 203580 and 
SB 220025 also affect the signaling pathways of these cyto- 
kines and thus may work via inhibition of both cytokine 
synthesis and action (Badger et al, 1996; Cuenda et al,, 
1995). In addition, although it is a very selective inhibitor of 
p38 MAP kinase and we are unaware of any other activities 
that could account for its pharmacology, it is possible that SB 
220025 may also inhibit an as-yet-unidentified kinase. 
Therefore, in vivo data should be interpreted with normal 
caution. 

The association between inflammation and angiogenesis 
has long been observed, but until recently there has been 
little evidence to clearly demonstrate the link. This study 
shows that angiogenesis is dependent on inflammatory cyto- 
kines in a chronic inflammatory model. It is not clear 
whether inflammatory cytokines are involved in other angio- 
genesis dependent processes, such as tumor growth, and this 
remains to be tested. From our studies and others (Badger et 
al., 1996), it is apparent that p38/CSBP MAP kinase inhibi- 
tion should provide an effective treatment for chronic prolif- 
erative inflammatory diseases. 
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Abstract 

Bacl^round Studies in animals and an open- 
label trial have suggested a role for antibodies to tu- 
mor necrosis factor a, specifically chimeric mono- 
clonal antibody cA2, in the treatment of Crohn's 
disease. 

Methods We conducted a 12-week multicenter, 
double-blind, placebo-controlled trial of cA2 in 108 
patients with moderate-to-severe Crohn's disease 
that was resistant to treatment. All had scores on the 
Crohn's Disease Activity Index between 220 and 400 
(scores can range from 0 to about 600, with higher 
scores indicating more severe Illness). Patients were 
randomly assigned to receive a single two-hour in- 
travenous infusion of either placebo or cA2 in a dose 
of 5 mg per kilogram of body weight, 10 mg per kil- 
ogram, or 20 mg per kilogram. Clinical response, the 
primary end point, was defined as a reduction of 70 
or more points in the score on the Crohn's Disease 
Activity Index at four weeks that was not accompa- 
nied by a change in any concomitant medications. 

Results At four weeks, 81 percent of the patients 
given 5 mg of cA2 per kilogram (22 of 27 patients), 
50 percent of those given 10 mg of cA2 per kilogram 
(14 of 28), and 64 percent of those given 20 mg of 
cA2 per kilogram (18 of 28) had had a clinical re- 
sponse, as compared with 17 percent of patients in 
the placebo group (4 of 24) (P<0.001 for the compar- 
ison of the cA2 group as a whole with placebo). Thir- 
ty-three percent of the patients given cA2 went into 
remission (defined as a score below 150 on the 
Crohn's Disease Activity Index), as compared with 
4 percent of the patients given placebo (P = 0.005). At 
12 weeks, 41 percent of the cA2-treated patients (34 
of 83) had had a clinical response, as compared with 
12 percent of the patients in the placebo group (3 of 
25) (P = 0.008). The rates of adverse effects were sim- 
ilar in the groups. 

Conclusions A single infusion of cA2 was an ef- 
fective short-term treatment In many patients with 
moderate-to-severe, treatment-resistant Crohn's dis- 
ease. (N Engl J Med 1997;337:1029-35.) 
®1997, Massachusetts Medical Society. 



CROHN'S disease is a chronic inflammato- 
ry disorder characterized by patchy granu- 
lomatous inflammation of any part of the 
gastrointestinal tract.^ Patients have a spec- 
trum of clinical features, with great variation in the 
course of the disease. Mesalamine is considered first- 
line therapy. The majority of patients have relapses 



requiring glucocorticoid treatment. ^ Immunomod- 
ulatory agents, including azathioprine or mercapto- 
purine,3 methotrexate,'*'^ and cyclosporine,^^ may be 
used to treat severe, persistent disease that is refrac- 
tory to treatment with corticosteroids, or symptoms 
that recur on tapering of the dose of corticosteroids. 

Li animal models, antibodies to tumor necrosis 
factor a (anti-TNF-a) prevent or reduce inflamma- 
tion,^ suggesting that therapy with such antibod- 
ies may be useful for disorders in which chronic in- 
flammation may be due to an increase in cytokines 
produced by the T helper 1 subclass of T cells. In 
vitro studies have shown that the production of 
TNF-a is increased in the mucosa of patients with 
Crohn's disease^ ^nd that the mucosal inflamma- 
tory process reflects a shift in the balance of cytokine 
production by T cells toward the T helper 1 sub- 
class. ^^'^^ Similar findings were reported in the syn- 
ovia of patients with rheumatoid arthritis,^ ^ and 
anti-TNF-a reduces clinical signs and symptoms of 
this disease.20.21 The role of TNF-a in the pathogen- 
esis of Crohn's disease and the successful use of anti- 
TNF-a in the treatment of rheumatoid arthritis 
stimulated an open- label trial of chimeric monoclon- 
al antibody cA2 (infliximab, Centocor, Malvern, Pa.) 
for Crohn's disease. In that preliminary trial, clinical 
remission occurred after one infusion of cA2 in eight 
of nine patients with Crohn's disease. 22 We report 
the results of a multicenter randomized, placebo- 
controlled, double- blind trial of cA2 for the treat- 
ment of active Crohn's disease. 

METHODS 

Patients 

To be eligible for the study, patients had to have had Crohn's 
disease for six months,* with scores on the Crohn's Disease Activ- 
ity Index^3 between 220 and 400. The Crohn's Disease Activity 
Index incorporates eight variables related to the disease: the num- 
ber of liquid or very soft stools, the severity of abdominal pain or 
cramping, general well-being, the presence of extraintestinal man- 
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ifcstatinns, abdominal mass, use of antidianrhcal drugs, hemato- 
crit, and body weight. These items yield a composite score rang- 
ing from 0 to approximately 600. Higher scores indicate greater 
disease activity. Scores below 150 indicate remission, whereas 
scores above 450 indicate severe illness. Patients were eligible for 
the study if they had been receiving any of the following: me- 
salamine for eight or more weeks, with the dose remaining stable 
during the four weeks before screening; a maximum of 40 mg of 
corticosteroids per day for eight or more weeks, with the dose re- 
maining stable during the two weeks before screening; and mer- 
captopurinc or azathioprinc for six or more months, with the 
dose remaining stable during the eight weeks before screening. 
Patients were excluded from the study if they had received treat- 
ment with cyclosporine, methotrexate, or experimental agents 
within three months before screening. Patients were also excluded 
if they met any of the following criteria: symptomatic stenosis or 
ileal strictures; proctocolectomy or total colectomy; stoma; a his- 
tory of allergy to murine proteins; prior treatment with murine, 
chimeric, or humanized monoclonal antibodies; or treatment 
with parenteral corticosteroids or cordcotropin within four weeks 
before screening. 

Patients were enrolled at 18 centers in North America and Eu- 
rope. The protocol was approved by the institutional review 
boards and ethics committees at all sites, and all patients gave 
written informed consent before enrolling in the trial. The study 
began on June 21, 1995, and concluded on March 12, 1996. A 
total of 203 patients were screened for the study, 95 of whom 
were excluded. The most common reasons for exclusion were a 
requirement for contraindicated medications, refusal to give in- 
formed consent, or disease activity that did not meet the study 
criteria. 

Protocol 

Subjects were screened one week before the administration of 
cA2 to establish base-line scores on the Crohn *s Disease Activity 
Index and the Inflammatory Rowel Disease Questionnaire,^* and 
base-line C-rcactivc protein concentrations. The Inflammatory 
Bowel Disease Questionnaire, a 32-item questionnaire, evaluates 
quality of life with respect to bowel function (e.g., loose stools 
and abdominal pain), systemic symptoms (fatigue and altered 
sleep pattern), social function (work attendance and the need to 
cancel social events), and emotional status (angry, depressed, or 
irritable). The score ranges from 32 to 224, with higher scores 
indicating a better quality of life. Patients in remission usually 
score between 170 and 190.^* 

Patients were randomly assigned to receive a single dose of ei- 
ther placebo or 5 mg of cA2 per kilogram of body weight, 10 mg 
of cA2 per kilogram, or 20 mg of cA2 per kilogram in an intra- 
venous infusion, administered over a two-hour period. The cA2 
monoclonal antibody is a chimeric mouse-human IgGl that 
binds to both solublc^^ and transmembrane^*^ human TNf -at with 
high affinity and specificity. It neutralizes the functional activity 
of TNF in a variety of bioassays by blocking the binding of the 
factor to the p55 and p75 receptors." The placebo preparation 
contained 0.1 percent human serum albumin instead of cA2 and 
was identical in appearance to the cA2 solution. Patients were en- 
rolled from June 21, 1995, to October 31, 1995. Randomization 
was performed centrally by an independent organization (PPD 
Pharmaco, Austin, Tex.). The cA2 and placebo solutions were 
prepared by a pharmacist at each site who was aware of the treat- 
ment assignments. The investigators, all other study personnel, 
and the patients \verc blinded to the treatment assignments. 

The primary end point was defined before the initiation of the 
trial as a reduction of 70 points or more in the score on the 
Crohn's Disease Activity Index at the four-week evaluation that 
was not accompanied by a change in any concomitant medica- 
tions. Patients who did not have a clinical response at that time 
were enrolled in a parallel, open -label study and received a single 
infusion of 10 mg of cA2 per kilogram and were followed for 12 
additional weeks. Patients who were receiving mesalamine, corti- 



costeroids, azathioprine, or mcrcaptopurine before the study con- 
tinued to receive a stable dose during the trial period. The dose 
of corticosteroids could be tapered beginning eight weeks after 
the initiation of the study. Treatment \\ith these drugs or with 
methotrexate or cyclosporine could not be initiated during the 
trial. After all patients had completed 12 weeks of the trial and 
the data were finalized, the treatment assignments were revealed. 

tmmunologic Investigations 

Serum samples were obtained at base line and at 12 weeks for 
the evaluation of antinuclear antibodies and human anti-cA2. An- 
tinuclear antibodies were detected by immunofluorescence on 
Hcp-2 cells. Semm samples positive by immunofluorescence for an- 
tinuclear antibodies were tested for antibodies to double-stranded 
DNA by an enzyme-linked immunosorbent assay (North Ameri- 
can centers) or by Crithidia immunofluorescence (European cen- 
ters). Human anti-cA2 was measured by a double-antigen enzyme* 
linked immunosorbent assay. 

Statistical Analysis 

An adaptive stratified design was used to assign patients to a 
treatment group, with investigational site and corticosteroid use 
as the strata. We calculated that approximately 25 patients were 
needed in each treatment group to detect a difference in the 
number of patients who responded with 80 percent power 
(a = 0.05), assuming a response rate of 30 percent in the placebo 
group, 80 percent in the cA2 group with the greatest response, 
and 55 percent in the remaining cA2 groups. The original study 
protocol did not specify the use of intention-to-treat analysis. 
Two patients were assigned to a treatment but did not receive it: 
one declined to participate and one did not meet eligibility crite- 
ria. No further data were collected on these t\vo patients, and 
they are not included in the analysis. Otherwise, all patients were 
analyzed according to the treatment to which they were assigned. 
When we assessed the response or remission rates in all evaluation 
periods after the initial blinded infusion, patients who received an 
open-label infusion or those with a change in concomitandy ad- 
ministered medications were considered to have had no response. 

Categorical variables (clinical response and remission) were 
compared with use of the Mantel-Haenszel chi-squarc test for 
general association stratified according to investigational site.^s 
Analyses comparing each of the cA2 treatment groups with pla- 
cebo were performed only when the treatment effect was con- 
sidered significant (P<0.05). The changes from base line in 
continuous variables (Crohn's Disease Activity Index score, In- 
flammatory Bowel Disease Questionnaire score, and C- reactive 
protein concentration) were compared with use of analysis of \'ari- 
ance, with the van der Waerdcn normal scores blocked according 
to center. 29 If the treatment effect was significant, the cA2 treat- 
ment groups were compared with the placebo group with linear 
contrasts. All P values are two-sided. 

RESULTS 

Base-Llne Characteristics of the Study Patients 

A total of 108 patients were studied, with 25 to 
28 patients in each group. There were no significant 
differences in age, weight, race (all patients were 
white), sex, duration of disease, scores on the Crohn's 
Disease Activity Index and Inflammatory Bowel Dis- 
ease Questionnaire, or C- reactive protein concen- 
trations at base line among the groups, although 
patients in the placebo group had a lower mean con- 
centration of C-reactive protein (Table 1). Signifi- 
cantly more patients had ileal disease alone in the 
placebo group than in the other three groups 
(P = 0.02), but there were no significant differences 
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Table 1. Base- Line Characteristics of the 108 Patients.* 







5 mg OF 


10 mg OF 


20 mg OF 




Placebo 


cA2/kg 


cA2/l(g 


cA2/kg 


Characteristic 


(N=25) 


(N=27) 


(N=28) 


(N=281 


OurADon Oi discssc — yr 


1 n 7 

1U.^_/./ 


12 5"*"10 3 


11.5±9.6 


13 5±8 8 


Involved intestinal irca — no. of 










patients (%) 










Ileum unly 




7. ^^^\ 
^ (1 U 


4 (14) 


^ \n 


Ileum and colon 


10 (40) 


15 (56) 


14 (50) 


19 (68) 


Colon only 


7(28) 


9(33) 


10 (36) 


7(25) 


Previous segmental resection — 


13 (52) 


12 (44) 


14 (50) 


14(50) 


nu. of patients (%) 










Age — yr 


38.5±11.0 


37.0±11.8 


39.3±10.6 


36.0±9.7 


Male sex — no. (%) 


15 (60) 


14 (52) 


13 (46) 


13 (46) 


Weight — kg 


71.4±14.4 


68.1 ±17.7 


74.2±19.5 


68.4±16.0 


Height — an 


172±11 


169±8 


171±10 


171 ±9 


Medications — no. of patients 










Prednisone equivalent 










<20 mg/day orally 


10 (40) 


8 (30) 


8 (29) 


10 (36) 


^20 ing/day orally 


6(24) 


7(26) 


8(29) 


7(25) 


Mercaptopurine 


4(16) 


4(15) 


4(14) 


4(14) 


Azathioprine 


7(28) 


5(19) 


4(14) 


8(29) 


Oral aminosalicylates 


17 (68) 


16(59) 


18(64) 


13(46) 


Score on Crohn's Disease Acd^ity Index 


288±54 


312±56 


318±59 


307±50 


Score on Inflammatory' Bowel Disease 


128±29 


122±29 


116±23 


118±28 


Questionnaire 










C-rcactivc protein — mg/litcr 


12.8±13.9 


22.1 ±23.6 


23.2±34.2 


22.4±23.9 



. * Plus-minus values arc means ±SD. Higher scores on the Crohn's Disease Activity Index indicate 
greater disease activity, and higher scores on the Inflammatory Bowel Disease Questionnaire indicate 
better quality of life. 

tP = 0.02 for the comparison with the other three groups. 



in the number who had undergone previous seg- 
mental resections among the groups. Similar num- 
bers of patients in each group had been treated with 
oral corticosteroids, mercaptopurine, azathioprine, 
and oral mesalamine at base line. All treatment groups 
had a mean score on the Crohn's Disease Activity 
Index of approximately 300, despite concurrent treat- 
ment with drugs other than cA2; thus, the patients 
had moderate-to-severe, treatment- resistant Crohn's 
disease. 

Clinical Response and Remission 

Week 2 

Figure lA demonstrates that clinical response was 
achieved early: 61 percent of cA2- treated patients 
had a clinical response by week 2, as compared with 
17 percent of patients in the placebo group (P< 
0.001). At two weeks, 27 percent of cA2- treated pa- 
tients were in clinical remission (defined as a score 
of less than 150 on the Crohn's Disease Activity In- 
dex), as compared to 4 percent of the patients in the 
placebo group (P = 0.06) (Fig. IB). 

Week 4 

Four weeks after the infusion, the primary end 
point of a reduction of 70 or more points in the 
score on the Crohn's Disease Activity Index was 
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reached in 81 percent of those given 5 mg of cA2 
per kilogram (22 of 27 patients), 50 percent of 
those given 10 mg of cA2 per kilogram (14 of 28 
patients), and 64 percent of those given 20 mg of 
cA2 per kilogram (18 of 28 patients), as compared 
with 17 percent of those given placebo (4 of 24 pa- 
tients) (Fig. lA). The overall response of the cA2 
groups was 65 percent (P< 0.001 for the compari- 
son with placebo). No dose- response relation was 
seen during this period. At four weeks, 33 percent 
of the cA2-treated group were in remission, as 
compared with 4 percent of the placebo group 
(P = 0.005). Thus approximately half of the patients 
who had a clinical response at cither two or four 
weeks also entered remission. Consistent treatment 
effects were observed when the analyses for both re- 
sponse and remission at week 4 were stratified ac- 
cording to the location of disease or concurrent drug 
regimens (data not shown). 

Changes in Clinical and Inflammatory Measures 
during the First Four Weeks 

The mean change in the scores on the Crohn's 
Disease Activity Index in the cA2-treated group as a 
whole was significant at weeks 2 and 4 of the trial, 
as compared with the changes in scores in the place- 
bo group (P<0.001) (Table 2), The mean decrease 
in the score on the Crohn's Disease Activity Index 
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25 



P<0.001 




Base Line 1 



No. OF Patients Evaluated 

Placebo 25 

5 mg of cA2Ag 27 

10mgofcA2/kg 28 

20mgofcA2/kg 28 

All cA2 groups 83 



2 3 

Week 



24 
26 
23 
28 
77 



24 
27 
28 
28 
83 



Figure 1. Rates of Clinical Response and Rennisston after a Sin- 
gle Infusion of cA2 or Placebo. 

Clinical remission was defined as a score of less than 150 on 
the Crohn's Disease Activity index and a score of 170 to 190 on 
the Inflamnnatory Bowel Disease Questionnaire. The asterisks 
{P<0.001), daggers (P<0.01), and double dagger <P<0.05) indi- 
cate a significant difference from placebo. 



in the cA2 group as a whole was 110 at four weeks, 
as compared with 13 in the placebo group. Most of 
this decrease had occurred by week 2, with a mean 
decrease of 103 in the cA2 group and 16 in the pla- 
cebo group. 

The Inflammatory Bowel Disease Questionnaire 
was given at base line and four weeks. There was a 
mean increase of 46, 30, and 32 in the groups treated 
with cA2 at 5, 10, and 20 mg of cA2 per kilogram, 
respectively, yielding a mean increase of 36 in the cA2 
group as a whole, as compared with a mean increase 
of 5 in the placebo group (P = 0.001) (Table 2). 

Concentrations of C- reactive protein were meas- 
ured at base line and weeks 2 and 4. At four weeks, 



the mean decrease in C-reactivc protein was 16.3, 
11.1, and 15.0 mg per liter in the groups treated 
with 5, 10, and 20 mg of cA2 per kilogram, respec- 
tively, .yielding a mean decrease of 14.3 mg per liter 
in the group as a whole, as compared with a mean 
increase of 2.0 mg per liter in the placebo group 
(P<0.001). The maximal reduction in C-reactive 
protein occurred within the first two weeks. At two 
weeks, the mean decrease in C-reactive protein in 
the cA2 groups as a whole was 16.0 mg per liter, as 
compared with a mean increase of 3.9 mg per liter 
in the placebo group (P<0.001). 

Week 12 

The differences in the rates of clinical response be- 
tween the cA2-treated groups and the placebo 
group remained significant through the 12 weeks of 
follow-up: it was 48 percent in the group given 
5 mg of cA2 per kilogram (13 of 27 patients), 29 
percent in the group given 10 mg of cA2 per kilo- 
gram (8 of 28 patients), and 46 percent in the group 
given 20 mg of cA2 per kilogram (13 of 28 pa- 
tients), for an overall rate of response of 41 percent 
(34 of 83 patients), as compared with a rate of 12 
percent in the placebo group (3 of 25 patients) 
(P = 0.008). The difference in the percentage of pa- 
tients who were in remission was not significant at 
12 weeks: 30 percent of the group given 5 mg of cA2 
per kilogram (8 of 27 patients), 18 percent of the 
group given 10 mg of cA2 per kilogram (5 of 28 pa- 
tients), and 25 percent of the group given 20 mg of 
cA2 per kilogram (7 of 28 patients), for an overall 
rate of remission achieved of 24 percent (20 of 83 
patients), as compared with a rate of 8 percent in the 
placebo group (2 of 25 patients) (P = 0.31). 

Characterization of the Response to Treatment 

The magnitude and duration of response were 
characterized through the 12-week follow-up period 
in the 54 patients who responded to a single infu- 
sion of cA2. The improvement in the scores on the 
Crohn's Disease Activity Index (clinical remission 
was defined as a score below 150) and Inflammatory 
Bowel Disease Questionnaire (remission was defined 
as a score between 170 and 190) in patients with a 
response was maintained. The mean (±SD) score on 
the Crohn's Disease Activity Index was 31 8 ±52 at 
base line, 144±67 at week 4, 151 ±86 at week 8, 
and 182±91 at week 12, and the mean score on 
the Inflammatory^ Bowel Disease Questionnaire was 
121±26 at base line, 175±26 at week 4, 165±36 
at week 8, and 162±35 at week 12. Concentrations 
of C-reactive protein (normal, <8 mg per liter) be- 
gan to rise at 12 weeks, potentially indicating a re- 
lapse of disease (from 25.8 ±2.7 mg per liter at base 
line to 7.5 ±1.5 mg per liter at week 4, 11.0±2.1 mg 
per liter at week 8, and 14.1 ±2.2 mg per liter at 
week 12). 
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Table 2. Measures of Cunical Response and Inflammation at Base Line 
ANn Wf.eks 2 and 4.* 



5 mg OF lOmgoF 20 mg OF All cA2 
Placebo cA2/kg cA2/kg cA2/kg Groups 
(N=25) (N=27) (N=28) IN=28I (N=83| 

Score on Crohn's Disease 
Activity Index 

Baseline 288±54 312±56 318±59 307±5O 312±55 

2 weeks 272±75 182±79t 238±92t 217±92t 212±90t 

4 weeks 271±82 166±76t 226±U5§ 211±107t 201±103t 
Score on Inflammatory Buwcl 
Disease Questionnaire 

Baseline 128±29 122±29 116±23 118±28 118±27 

4 weeks 133±28 168i36t 146±41t 149±35|| 154±38$ 
C-reactivc protein (mg/liicr) 

BascUne 12.8±13.9 22.1+23.6 23.2±34.2 22.4i23.9 22.6±27.4 

2 weeks 16.4±18.9 4.2±3.0t 6.7±7.3** 8.7±13.8t 6.5±9.3t 

4 weeks 14.8±18.6 5.7±9.3tt 12.1±18.6§ 6.9±11.6t 8.3±13.9t 

* Plus-minus values are means ±SD, Higher scores on the Crohn's Disease Activity Index indicate 
greater disease activity, and higher scores on the Inflammatory Bowel Disease Questionnaire indicate 
better quality uf life. All V values are fur the change firom base line in cA2-treatcd groups as compared 
with the placebo group. Sec the Methods section for a description of the statistical analyses used. 

tP<0.001. tP = 0.001. §P = 0.003. 1P = 0.02. 

!|P«0.03. **P = 0.002. ttP = 0.004. 



Effects of Open-Label cA2 in Patients with No Response 
Four Weeks after the Initial Infusion of cA2 

Patients who did not have a clinical response after 
the first infusion were given a second inftision of 
open-label cA2 in a dose of 10 mg per kilogram and 
followed for an additional 12 weeks. Among 19 pa- 
tients who initially received placebo, the response 
rate was 58 percent and the remission rate was 47 
percent four weeks after the second inftision — rates 
that were similar to those in the initial, blinded 
study (Fig. 1). By contrast, among the 29 patients 
who had no response to the initial cA2 inftision, the 
rates of response and remission after the second in- 
fusion were 34 percent (P = 0.14 for the comparison 
with the patients who received placebo initially) and 
17 percent (P = 0.05), respectively, confirming that 
this group was less responsive to cA2. 

Adverse Effects 

Adverse effects were recorded at the time of infti- 
sion and 2, 4, 8, and 12 weeks after the inftision. In 
patients who received an opcn-labcl inftision 4 weeks 
after an inftision of placebo or cA2, adverse effects 
were monitored for an additional 12 weeks. As 
shown in Table 3, the percentages of patients with 
adverse effects were similar in the placebo and cA2 
groups. Of the 29 patients who received two cA2 in- 
fusions, 2 had a reaction (chest pain, dyspnea, or 
nausea) that led to the discontinuation of the infu- 
sion. These reactions resolved spontaneously within 
minutes after the infiision was discontinued. In ad- 
dition, complications requiring hospitalization de- 
veloped in two patients (abdominal abscess in one 



patient in the placebo group and salmonella colitis 
in one patient given an inftision of 20 mg of cA2 per 
kilogram). Both patients were treated successfully. A 
bowel obstruction occurred in one patient given 
cA2, and a flare of Crohn's disease occurred in an- 
other. 

Immunologic Responses 

Serum samples were screened for antibodies to 
double- stranded DNA at base line and at 12 weeks 
in 98 patients who received cA2 (in either a blinded 



Table 3. Advf.ksk Effects.* 



One Dose Two Doses 



Variable 


Placebo 


oFcA2 


of cA2 


No. of padcnts evaluated 


25 


102 


29 


Average length of follow-up — wk 


6.9 


10.4 


12.4 


Adverse effect — no. of patients (%) 








Any adverse effect 


15 (60) 


76 (75) 


23 (79) 


Headache 


5(20) 


19 (19) 


3(10) 


Nausea 


2 (8) 


11 (11) 


5(17) 


Upper respiratory tract infection 


3(12) 


8(8) 


4(14) 


Fatigue 


1 (4) 


6(6) 


3(10) 


Myalgia 


1(4) 


4(4) 


3(10) 


Rhinitis 


I (4) 


3(3) 


3(10) 


Pain 


0 


4(4) 


3(10) 


Pruritus 


1 (4) 


1 (1) 


4(14) 


Chest pain 


1 (4) 


2(2) 


3(10) 


Vomiting 


0 


2(2) 


3(10) 


Dyspnea 


0 


1 0) 


3(10) 



^Adverse effects that occurred in 1 0 F>crcent or more nf the patients in 
any uf the groups arc reported. 
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or an open-label infusion); all patients were negative 
for these antibodies at base line, and 3 were positive 
at 12 weeks. Serum samples from 101 patients treat- 
ed with cA2 (in either a blinded or an open-label in- 
fusion) were also tested for human anti-cA2; 6 pa- 
tients tested positive. In two thirds of the patients, 
however, cA2 was still detectable in serum samples 
taken at 12 weeks, and this may have interfered with 
the assay. 

DISCUSSION 

Many of our patients with moderatc-to-scvere 
Crohn's disease that was resistant to treatment had a 
rapid response to cA2. Other treatments for such pa- 
tients have not had beneficial effects over the long 
term and may not be well tolerated.''" ''^'' Our short- 
term study suggests that anti-TNF-a therapy with 
cA2 may represent a new treatment option for pa- 
tients with moderatc-to-severe Crohn's disease. Fur- 
ther studies will be necessary to determine the long- 
term efficacy of a single infusion of cA2 as well as 
the efficacy and safety of repeated treatments. 

The mechanisms of the chronic mucosal inflam- 
matory processes manifesting as Crohn's disease are 
not clear. However, our results add strength to 
the suggestion that TNF-a may have a central role 
in the inflammatory process in at least two thirds of 
the patients with Crohn's disease. Studies in rodent 
models have provided insight into the role of anti- 
TNF-a in the pathogenesis of Crohn's disease. Stud- 
ies involving die transfer of CD45RB*»Bh cells to mice 
with severe combined immunodeficiency have shown 
that these cells can induce a chronic, transmural in- 
flammatory process in the colon. Powrie et al. have 
demonstrated that this colitis can be reversed or 
ameliorated by the use of agents, including anti- 
TNF-a, capable of down -regulating the production 
of the T helper 1 subclass of T cells.^" These cells 
produce proinflammatory cytokines including in- 
terferon-y, interleukin-2, and potentially, TNF. A 
mechanistic role for TNF-a in intestinal inflamma- 
tion has been suggested on the basis of these studies. 

Other studies involving animal models have shown 
that cytokines produced by the T helper 1 subclass 
arc expressed in the mucosa of people with Crohn's 
disease. >7A8 Anti-TNF-a may participate in the down- 
regulation of mucosal inflammation in this disease by 
inhibiting the T helper 1 population of active T cells. 
Extensive follow-up studies are needed to determine 
how the elimination of TNF affects mucosal inflam- 
mation after treatment with anti-TNF-a. 

In this study, a clinical response or remission oc- 
curred in 65 percent of patients with severe Crohn's 
disease after a single infusion of cA2. Furthermore, 
results in the open- label retreatment phase corrobo- 
rated the finding that patients with no response to 
the furst infusion of cA2 were less likely to have a re- 
sponse to a second infusion. Thuis, this group of pa- 



tients may differ from those that responded. The 
similarities among the patients, including age, dura- 
tion of disease, types of concomitant treatment, and 
disease activity at base line, suggest that any differ- 
ences are more likely to be detected subclinically. 
There was no apparent dose-response relation be- 
tween a dose of 5 mg of cA2 per kilogram and a 
dose of 20 mg per kilogram with respect to either 
the magnitude or the duration of the clinical re- 
sponse. In a previous open-label trial of cA2 doses 
of 1 mg, 5 mg, 10 mg, and 20 mg per kilogram, the 
group receiving 1 mg of cA2 per kilogram had a 
more transient response than the groups given the 
higher doses. This transient response was similar to 
that in a small trial of a different anti-TNF-a anti- 
body.-^'^ The results of these trials support the use of 
a dose of 5 mg of cA2 per kilogram in future trials. 

In summary, we found that a single infusion of 
cA2 was an effective short-term treatment for pa- 
tients with moderate- to-severe Crohn's disease that 
was resistant to treatment. 

Supported by Centocor, Inc., and b)' a grant (FD-R-001276) from the 
Food and Drug Administration Orphan Products Development Division. 
Drs. Hanaucr, van Devcntcr, Present, and Rutgecrts have received honora- 
riums from Centocor for lectures. 

APPENDIX 

The Crohn's Disease cA2 Study Group consists of the following centers 
and investigators (the number of patients enrolled at each center is given 
in parentheses): Massachusetts General Hospital^ Boston (5 patients): 
D. Podolsky, B.E. Sands, MX Maraicd; C4edarr-Sinai Medical Center, Los 
Angeles {20 patients): S.R. Targan, E.A. Vasiliauskas, B. Voigt, J. Gaiennic; 
University of Chicago Hospitals and Clinics, Chicago (11 patients): S.B. 
Hanauer; University of Alabama School of Medicine, Birmingham (2 pa- 
tients): CO. Elson, K.V. McCabc, Jr.; Mount Sinai Medical Center, New 
Tork (8 patients): L. Mayer, D.H. Present, C. Stamaty; Washington Univer- 
sity School of Medicine, St. Louis (2 patients): W.F. Stcnson, JJ. O'Brien; 
Virginia Mason Medical Center, Seattle (5 patients): R. Kozarek, M. Gel- 
fand; Hospital of the University of Pennsylvania, Philadelphia (4 patients): 
D. Bachwich, G. Lichtcnstein, L. Hurd; McMaster University Medical Cen- 
ter, Hamilton, Ont., Canada (2 patients): EJ. Irvine^ S. Collins; Lahey 
Clinic, Burlington, Mass. (3 patients): A.S. Warner, LJ. Costa; University 
of North CMrolina, Chapel Hill (5 patients): K.L. Isaacs; University of Mary- 
land Medical System, Baltimore (5 patients): S. James, B. Grccnwald, M.L. 
Mullen; University of Kentucky, Lexington (5 patients): G.W. Varilek, 
B. Vivian; Academisch Ziekenhuis Leiden, Leiden, the Netherlands (4 pa- 
tients): R.A. van Hogczand, M.J. Wagtmans; Institute for Clinical Immu- 
nology and Rheumatology, Erlanjen, Germany (1 patient): H. Schonckas, 
J.R. Kaldcn, J.M.L. Bauer; University of Amsterdam, Amsterdam (9 pa- 
tients): S.J.H. van Dcventer, C.M.J. Kothc, O.J.B. de Smit; Leeds General 
Infirmary, Leeds, United Kingdom (4 patients): D.M. Chalmers, S. Chit- 
mri, D. Todi; and Academisch Ziekenhuis Gasthuisberg, Leuven, Belgium 
(13 patients): RJ. Rutgeerts, G.R.A.M. D'Haens, A.F.M. Verstraetcn. 
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Abstract 

Background—The aetiology and patho- 
physiology of ulcerative colitis remains 
unclear; however, there is increasing 
recognition of the critical role of inflam- 
matory cytokines in the pathogenesis of 
this disease. Among these, tumour 
necrosis &ctor a (TNFa) seems to play an 
important role. 

Aim — ^To study the effects of an engin- 
eered human monoclonal antibody to 
TNFa (CDP571) in the treatment of idio- 
pathic ulcerative colitis in the cottontop 
tamarin. 

Methods—Six cottontop tamarins with 
confirmed ulcerative colitis received 
repeated doses of CDP571. Progression of 
disease was assessed by measuring both 
body weight and rectal biopsy pathology. 
Results — All animals showed a rapid im- 
provement in clinical condition and rectal 
biopsy pathology that was maintained 
following completion of the therapy. 
Conclusion — ^These studies indicate the 
efficacy of selective antibody therapy to 
TNFa for the treatment of ulcerative 
colitis in a primate and suggest that simi- 
lar therapy in humans could be of value. 
(Gut 1997; 40: 628-633) 

Keywords: ulcerative colitis, cottontop tamarin, 
andbody to tumour necrosis fiictor a 



The term inflammatory bowel disease (IBD) 
encompasses two chronic disorders affecting 
all or part of the gastrointestinal tract. These 
are Crohn's disease and ulcerative colitis. For 
both diseases the causative agent is unclear. 
Proposed aetiologies include infectious 
agents,* ^ response to measles vaccination,' 
vascular disruptions," and disorders of the 
immune system. Furthermore, there is in- 
creasing evidence of a genetic susceptibility to 
these diseases, which may act alone or perhaps 
in association with environmental factors.' 

Ulcerative colitis and Crohn's disease both 
demonstrate chararteristic clinicopathological 
features. A central feature is the local inflam- 
matory response in the gut wall which is 
characterised by an influx of T-lymphocytes 
and other mononuclear cells, especially macro- 
phages.^ In recent years, numerous cytokines 
have been implicated as being crucial to the 
disease processes, including tumour necrosis 
factor a (TNFa), interleukin (IL) 6, IL-ip,' 
and platelet activating factor (PAF).^ However, 



the significance of individual cytokines has 
often been difficult to elucidate from clinical 
studies. At times, investigators have failed to 
show a consistent alteration in cytokine 
production or release in IBD. Furthermore, in 
patients receiving treatment, certain treat- 
ments - for example, 5-aminosalicylic acid or 
corticosteroids, or both, will cause a reduction 
in the concentrations of numerous cytokines in 
the colonic mucosa.' More recently, the 
development of specific antibodies to cytokines 
such as TNFa has provided the opportunity to 
assess the possible roles of individual cytokines 
in the disease state both in animal models and 
in humans. 

TNFa is a cytokine released by activated 
mononuclear cells and T cells. It seems to have 
a clinically important role in septic shock^'^and 
in rheumatoid arthritis." In the latter con- 
dition selective blockade of TNFa by mono- 
clonal antibodies will ameliorate the disease 
process. In addition, TNFa has been impli- 
cated in the pathogenesis of IBD. Raised con- 
centrations of TNFa have been noted in the 
serum*' and increased TNFa inununo- 
reactivity has been shown in the lamina propria 
of patients with active Crohn's disease or 
ulcerative colitis." Furthermore, it has been 
shown that there are significant increases in 
faecal TNFa concentrations in patients with 
active IBD." 

A large number of animal models of IBD 
have been described and many have been 
reviewed previously.** In most cases the 
models are solely of colonic inflammation, not 
of IBD. Inflammation is often induced by the 
local application of an irritant, such as acetic 
acid, to the colon, in some cases with prior 
sensitisation of the animal to the irritant 
material. Although these approaches can be 
used to study various aspects of colonic inflam- 
mation, the resulting pathology shows few, if 
any, similarities to that seen in human IBD. 
Moreover, the pathological changes invariably 
improve once the insult has been removed, 
unlike the situation in humans. None the less, 
in a rodent model of colonic inflammation a 
beneficial response was noted after admin- 
istration of a selective monoclonal antibody 
directed against TNFa." 

The cottontop tamarin, a small, new world 
primate, is unique among animal models of 
IBD in that it develops a spontaneous form of 
colitis which shows many similarities to the 
condition of ulcerative colitis in humans. 
Animals present clinically with chronic 
diarrhoea and weight loss and may die from the 
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condition if untreated. Both the pathology and 
the response to therapy with 5-aminosalicylic 
acid compounds, in some cases combined with 
corticosteroids, show close similarities to the 
condition in humans.'' A unique feature of 
the disease in the cottontop tamarin is the 
development of secondary complications, 
namely colonic adenocarcinoma^ and scler- 
osing cholangitis,^* which are also seen in 
human ulceradve colitis. Also, we have recently 
demonstated a significant increase in faecal 
TNFa concentrations in cottontop tamarins 
with active colids,^ illustrating a further 
similarity to the condition in humans. 

The cottontop tamarin has been used before 
to evaluate potential therapeudc regimens for 
treating ulcerative colitis. These trials have 
included use of murine monoclonal antibodies 
against the adhesion molecules E-selectin and 
a4 integrin." 

In this study the effea of an engineered 
monoclonal antibody against human TNFa 
(CDP571) was assessed in spontaneous ulcer- 
ative colitis in the cottontop tamarin. The 
study was divided into two sections: first, the 
pharmacokinetics of CDP571 were evaluated 
in two normal animals; and, second, a trial 
using CDP571 for treatment of ulcerative 
colitis in the cottontop tamarin was tmder- 
taken. This study was planned and executed in 
a similar way to an "open" clinical trial. This 
was because of the comparative scarcity of the 
amimals (which are listed as endangered under 
the Conference on International Trade of 
Endangered Species (CITES)). No animals 
received placebo as an historical evaluation of 
colony health records showed that animals 
with confirmed ulcerative colitis which did not 
receive effective therapy continued to lose 
weight and showed further deterioration in 
their rectal biopsy pathology. 



a rectal biopsy specimen taken before recruit- 
ment. Six cottontop tamarins were recruited to 
the second phase of the study (Table I). All 
animals had confirmed ulcerative colitis, based 
on their clinical history of diarrhoea and weight 
loss, endoscopic examination of the colon 
along with histopathological examination of a 
rectal biopsy specimen taken at that time. 
Faecal samples were taken from the animals for 
culture to eliminate any known faecal patho- 
gens. None of the six animals recruited to the 
study had received previous treatment for 
colitis. 



MONOCLONAL ANTIBODY 

Generation of the antibody 
The antibody used in this study (CDP571) is 
derived from a murine monoclonal antibody to 
recombinant human TNFa which has been 
engineered to contain human g4 and k light 
chain constant regions with Eu frameworks as 
described previously.^^ 



Pharmacokinetics 

Two animals received a single dose of CDP57 1 
at 20 mg/kg by intramuscular injection. To 
administer the antibody, animals were sedated 
by an intramuscular injection of ketamine 
hydrochloride (Vetalar, Parke Davies; 20-25 
mg/kg). Blood samples (maximum volume 0-5 
ml into EDTA tubes) were taken from these 
animals before injection and at eight and 24 
hours, and two, three, five, seven, 10, 14, 21, 
and 28 days after administration of CDP571. 
Samples were centrifuged and plasma stored at 
-70**C pending analysis for CDP571 and 
antibodies to CDP571. 



Methods 

ANIMALS 

All animals used in this study were captive bred 
at the University of Bristol colony. They were 
housed under standard environmental con- 
ditions as described previously.^ " Animals 
were fed a complete pelleted diet (New World 
Primate diet, SDS Diets) and this was supple- 
mented with fresh fruit each day. In addition, 
animals received regular supplementation with 
vitamin D3 administered orally. 

Two animals were recruited to the pharma- 
cokinetic study. Both appeared clinically 
normal and they were confirmed to be free of 
rectal pathology by histological examination of 



TABLE I Details of animals recruited to second pan of the 



study 


Animal 


Sex 


Age at entering study 


B22I 


Male 


1 6 months 


B213 


Male 


1 5 months 


B201 


Male 


23 months 


BUI 


Male 


86 months 


RI94 


Female 


23 months 


R192 


Female 


27 months 



Therapeutic protocol 

Animals recruited to the study received 
CDP571 at a dose of 20 mg/kg every six days 
for a total of six doses. CDP571 was injected, 
by deep intramuscular injection, into the 
quadriceps femoris muscle imder anaesthesia 
as described earlier (Table II). 



EVALUATION OF RESPONSE TO TREATMENT 
Standard indicators of disease progression in 
the cottontop tamarin were used to evaluate 
response to treatment. These were clinical 
signs, body weight and histopathological exam- 
ination of rectal biopsy specimens taken on 



TABLE U Outline of protocol 



Day 



CDP571 Biopsy Blood sample 



-3 
0 
6 
12 
18 
24 
25 
30 
32 
49 
63 



dose 
dose 

dose + 

dose 

dose 

dose 



+ (pre-drug) 

+ 
+ 
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TABLE ui Histology scoring system^ 



Acute pathology 


Score 


Chronic pathology 


Scon 


Polymorphonuclear cells in lamina propria 
Polymorphonuclear cells in crypt epithelium 
Ciypt abscess 
Ciypt destruction 
Overall maximum score 


1 
2 
3 
4 
6 


Mild chronic inflammation 
Severe chronic inflammation 


1 
2 



days 12, 32, 49, and 63. Biopsy specimens 
were evaluated by a pathologist using an 
objective scoring system developed from one 
used previously for assessing human rectal 
specimens (Table III)." Specimens were 
graded from 0 (normal) to 6 (severe active 
disease) on the basis of inflammatory cell infil- 
trate, crypt architecture and mucosal dis- 
ruption (Fig 1). 

Biopsy scores and body weights before and 
after CDP57 1 treatment were compared using 
the Friedman non-parametric repeated 
measures test. Differences were considered sig- 
nificant when p<0-05. 

Blood samples were also taken when the 
animals were sedated for other procedures - 
that is, on days 12, 25, 32, 49, and 63, to permit 
measurement of plasma concentrations of 
CDP571 and of host antibodies to CDP571. 




Figure 1: Representative histology of rectal biopsy specimens, (A) Grade 1 specimen with 
intact epithelium with few polynwrphonudear cdb in the lamina propria. (B) Grade 5 
specimen showing loss ofepitheUttm, crypt destruction and infiltration of acute and chronic 
inflammatory ceUs. 



EUSAS FOR CDP571 AND ANTraODIES TO CDP571 
EUSA techniques were used as described 
previously." Briefly, for the pharmacokinetic 
assay, diluted plasma samples were added to 
microtitre plates coated with rhTNFa and 
bound CDP571 was revealed with mouse anti- 
human IgG4 (Serotec) followed by horseradish 
peroxidase (HRP) conjugated goat anti-rabbit 
IgG (Jacksons Laboratories). Bound HRP was 
revealed using TMB substrate and colour 
development as proportional to the amount of 
CDP571 in the sample. 

Antibodies to CDP571 were detected using 
a double antigen sandwich ELISA system. 
Plasma samples (diluted 1 in 10 in phosphate 
buffered saline)/ 1% bovine serum albumin 
(BSA)) were added to CDP571 coated plates 
and the sandwich was completed with 
CDP571 conjugated to HRP, followed by 
TMB substrate. An affinity purified rabbit 
hyperimmune serum was used as a standard 
and results expressed as units/ml (1 unit being 
equivalent to 1 mg/ml of the rabbit standard). 



Results 

PHARMACOKINETIC STUDY 
Figure 2 shows the plasma elimination profiles 
for the two animals. Analyses demonstrated 
that CDP571 was cleared from normal 
tamarins with a half-life of around six days (5-8 
and 7*0 days). By day 28, there was little host 
antibody response to CDP571. Therefore, the 
drug was administered every six days in the 
therapeutic protocol. 



RESPONSE TO TREAT\4ENT 

None of the animals showed any adverse 
effects to repeated dosing with CDP571, either 
locally or systemically. 

Analysis of plasma samples confirmed that 
during the treatment period, CDP571 concen- 
trations continued to reach circulating levels in 
excess of 100 ng/ml (range 51 •4-227-8 ^g/ml; 
Table IV) and remained in circulation for 
several weeks (geometric mean of 0-5 ^ig/ml 
and range of 0-05-6 -5 fig/ml at day 49). No 
immune response to the antibody was detected 
during the treatment period, although low 
levels of antibodies to CDP571 (3-9 units/ml) 
were seen in four of the six animals when 
CDP571 was cleared from the circulation after 
the final dose. 

All animals showed a clinical response to 
treatment and in all cases there was an 
improvement in faecal quality after starting 
treatment. Figure 3 shows changes in body 
weight. Mean body weight rose following the 
first dose of antibody and remained signifi- 
candy elevated during the treatment period 
and during the following month (+33-3 (10) g 
(mean (SEM)) at day 63, p<0 05). This 
represents an increase of around 6% compared 
with pre-entry body weight and was main- 
tained throughout the study. 

Examination of rectal biopsy specimens 
showed a rapid fall in mean rectal biopsy score 
after starting treatment (Table V), indicating a 
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100 



10 



a. 
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0.1 



TABLE V Colonic biop^ scores 




14 

Time (days) 



21 



28 



Figure 2: Plasma clearance profile of CDP571 in two cottontop tamarins after a single 
intramuscular injection of 20 mg/kg. Values are individual plasma concentrations. 



TABLE IV Plasma concentrations of CDP57J C^lg/ml) 

Time after Dose no. /days Animal number 



first dose 
(days) 


after administration 
ofCDP57l 


R192 


R194 


BUI 


B201 


B213 


B221 


Geomaric 
mean 


-3 


Before 


0-05* 


005 


005 


005 


0-05 


NT 


0-05 


12 


2/6 


64-7 


166-5 


67-2 


66- 1 


620 


90-6 


80-3 


25 


5/1 


51-4 


2140 


105-7 


149-1 


NT 


227-8 


131-6 


32 


6/2 


6-3 


172-5 


57-9 


680 


37-2 


154-5 


53-9 


49 


6/19 


0-05 


4-2 


0-84 


0-31 


005 


6-5 


05 


63 


6/33 


005 


005 


005 


005 


005 


1/21 


01 



*Umit of detection of 0-05 Mg/°il< 
NT=not tested. 



100 



80 - 



20 



o 


R194 


A 


B201 




B111 


□ 


B213 


0 


R192 




8221 


• 


Mean (SEM) 




60 66 



Figure 3: Changes in body weight for individual animals and the mean (SEM) (solid 
circles) value in cottontop tamarins given a course of CDP57J treatment C6# 20 mg/kg). 



reduction in disease activity. At day 12, there 
was already a statistically significant reduction 
in biopsy score compared with day 0, which by 
the end of treatment had fallen from a preentry 



Time afier first dose (days) Biopsy score (mean (SEM)) 


-3 


4-5 (0 2) 


12 


2-7 (0-8)* 


32 


3-D (0-4)* 


49 


2-3 (0-7)* 


63 


3-8 (0-2) 



Values are means (SEM) for six animals. 

*p<0-05 compared with pretreatment value (Friedman ttst). 



value of 4-5 (0-2) to 3 (0-4) (p<0-05). This 
improvement was maintained until day 49. 



Discussion 

Recent advances in the understanding of the 
mechanisms and control of inflammation have 
focused on the importance of nimierous cyto- 
kines in this process. TNFa seems to play an 
important role in septic shock, rheumatoid 
arthritis and IBD. This has been demonstrated 
by the raised concentrations of TNFa both in 
plasma and locally in inflamed tissues in these 
conditions and has led to the development of 
monoclonal antibodies as potential therapies in 
these conditions. A murine antibody to TNFa 
has been used in early phase trials in patients 
with septic shock^" but was associated with a 
significant host response to the antibody. How- 
ever, antibody engineering involving either 
chimerisation or CDR grafting of murine 
monoclonal antibodies to TNFa to reduce 
immunogenicity has permitted certain con- 
ditions - for example, rheumatoid arthritis, to 
be treated." " From this background, we 
evaluated the use of an antibody to TNFa in 
the treatment of ulcerative colitis in an animal 
model. 

Previous work using chemically induced 
colonic inflammation in rats'^ has clearly 
demonstrated the ability of anti-murine TNFa 
to modulate the inflammatory response; how- 
ever, the initial dose was given prior to the 
induction of inflammation. In ulcerative colitis 
in humans, treatment is required once disease 
is diagnosed and often the disease process 
may be longstanding before treatment is 
instituted. 

Spontaneous ulcerative colitis in the cotton- 
top tamarin provides a good model for 
evaluating new treatments for established 
disease in circumstances more related to the 
clinical situation. All animals recruited to this 
study had not received any previous treatment 
and the anti-TNFa was die sole treatment 
used. Based on the knowledge of pharma- 
cokinetics of CDP571 and the lack of a 
deleterious inunime response, we administered 
the antibody safely on a total of six occasions 
over six weeks. By comparison, Podolsky 
et cdy^^ using a murine monoclonal antibody to 
a integrin to treat colitis in the conontop 
tamarin, was restricted to therapy at two day 
intervals over 10 days because of the host 
immune response to the antibody. In this 
study, all animals demonstrated a rapid im- 
provement after administration of anti-TNFa 
with an increase in body weight, an improve- 
ment in the consistency of stools and in rectal 
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biopsy score. The response, which occurred as 
early as the first injection, was far more rapid 
than that seen to an established therapeutic 
regime based on the 5-aminosalycychc acid 
compound olsalazine.'' 5-Aminosalicylic acid 
based treatment is standard for ulcerative 
colitis in humans and has been used success- 
fully to treat ulcerative colitis in the tamarin. 
However, when starting treatment there must 
be a gradual increase in dose levels. Improve- 
ment in rectal biopsy pathology and in clinical 
condition may not be seen for eight to 10 weeks 
in tamarins. 

There were no placebo treated control 
animals in this study. The cottontop tamarin 
is listed under CITES as an endangered 
species and as such it was felt unethical to 
withhold therapy from animals with ulcerative 
colitis. Furthermore, it is known from previous 
studies in the colony that if animals are not 
treated the disease progresses unabated with 
progressive weight loss and deterioration of 
clinical condition leading either to death or 
euthanasia. Reference to colony records for six 
animals with confirmed ulcerative colitis that 
were not receiving therapy and were monitored 
over four weeks revealed an increase in mean 
rectal biopsy score from 1*3 to 2-6 over this 
period, indicating a deterioration in pathology. 

Of die six animals that were recruited to the 
study, the majority (4/6) have not required any 
further treatment 18 months after the last dose. 
Two animals did, however, relapse and were 
given maintenance therapy with olsalazine. 
This occurred between ei^t months (R192) 
and one year (B213) after ceasing therapy. 
Prolonged benefit after a single course of 
therapy provides further encouragement for 
the use of anti-TNFa in the treatment of 
ulcerative colitis. The exact mechanism of 
action of anti-TNFa is uncertain in these 
animals, but it seems most likely that it inhibits 
the action of TNFa in the colon wall and so 
attenuates the inflammatory process. 

Repeated therapy with CDP571 has been 
used in a small number of tamarins with ulcer- 
ative colitis which was refractory to standard 
therapy of olsalazine and prednisolone. Again, 
no adverse effects were recorded and although 
the animals showed some improvement in their 
condition, the clinical response was not as 
notable as that reported in this study of naive 
animals (unpublished observations). Human 
patients with rheumatoid arthritis have 
received repeated doses of chimeric anti- 
TNFa (cA2) and although apparently safe it 
was noted that the interval between doses fell 
as the number of doses administered rose.'^ By 
comparison, CDP571, at a dose of 10 mg/kg, 
has been given at two to three month intervals 
for a total of four doses in the treatment of 
rheumatoid arthritis. No adverse effects were 
noted and pharmacokinetic studies indicated 
no reduction in the half-life in patients.^' These 
data provide encouragement for repeated 
dosing in himians. 

The potential role of anti-TNFa in the 
treatment of human ulcerative colitis is now 
under investigation. Engineering of antibodies 
can prolong the half-life in humans from a few 
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hours to one to two weeks." Encouraging 
results have already been obtained with 
chimeric antibodies to TNFa in the treatment 
of Crohn's disease." Studies with CDP571 are 
now continuing in acute and chronic inflam- 
matory conditions such as IBD, and indeed 
preliminary studies with a single dose of anti- 
body in an open study have proved 
encouraging." 
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